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The Bulletin of the International Railway Congress Asssociation of August 1927 
contained. an article on reinforced-concrete bridges of three spans carried on four 
hinged piers; the following article deals with the same type of structure modified to 


Fig. 4. 


the extent that the bases of the piers are no longer hinged but are rigidly held at 
-ADHK as shown in the diagram above (fig. 1). 

Again taking ¢ = a ‘c= 4 fos : and supposing BC to be cut at its centre G, 
* ; 4 2 


by (1) Translated from the French. 


O7G745 


ae 
at, 


eek iam 


let usapply the two forces S, X and a moment yp. at this point, as shown in figure 2, 
forces and moment which have to be calculated : S,, Se. Ry 


oy P7G and Ry for the outer piers as well as the two moments M, and 

ae: \ M, taken as acting at H and K have also to be determined. 
x toe The solution of these unknowns is always obtained, as in 
Bie Ee the previous article, from the formule for the deflection of 


curved members. We shall obtain in turn, supposing as previously horizontal 
displacements, + Aa,, +e, + é towards the left at A, H and K, vertical displacements 
+ Ay,, &d, +d! downwards at A, H and K and expansion or contraction + 2) of BC, 
Aa’) and Aa becoming nil : 


pee 


Sf? + Qu (t+ ft) —(Ry + Re) ftm— 1 2) 4 (f—9h) + (My +Mz)ft=0', (980) 


wherein 
G B 
(= sR — 2 - Mds 
A f. ext. on ABG A f. ext. on BEH 
pat (rem — Perey 3 + (A ]Pt= Os 31) 
wherein 
G B 
Q’, =F ElpAa, + 2EIA +1) | B eae + . M(f—y) ds 
A f. ext. on ABG A f. ext. on BEH 


al? > (5 + ft) —(R, —Re) tlm —( 2 =:) ftl(f —2h) + (M,—M,) ft! =Q'5 (932) 


— 


wherein 
x G B 
M(l—2a2)d 
Q's = + ElAy, + Ip | B ee ae a / M(l—a)ds 
A f. ext. on ABG A f. ext. on BEH. 


The equations for deflection following the y’s and a’s at H of the section ABEH and 
at K of the section DCFK become : : 


S/2t + Quft — (Ry + Ry) m fe 4) (PS (ptf — 2h) — amt] + 


M, + M 
+ (PE ape + me) = Bios: Bide 


whercin 
f Elo 1 


B H f 
l I 1 (m— x) dx 
+7 Mdy pur Fe yee = 2 Mds 
B f. ext. on BEH 0 f. ext. on BEH © 


A f. ext. on ABG 


2ftIX — (Ry — Re) (3/t + mt) —-S* “Pa (ft (f ft (f 2h) — hint.) ++ 


M 
eet a 7 (Qft + mt,) = O's (934) 
wherein 
ESB ias Ely j EI I 
O..= + a Ay, + me (d—a') + 
B H B 
A May 4 = E M a da ee May 
A f. ext. on ABG B f. ext. on BEH A f. ext. on BEH 
ak =F (af — 3h) + uft(f— ny — Ae) m (f?t — 2fth — mht,) — 
= ee (ly ++ ft + 3h2mt, — 3/2th + 3/th*)— 
seg fea tel : Ms —— (hl, — f?t + 2hmt, + 2th) = Q' (935) 
wherein 
B H 


; E M(f—h—y)d 
Ne) eee 


Q’, = + El,Aa, + Ely (h — e’) + - 
A f. ext. on ABG 


A f. ext. on BEH 


X/ti(f—2) [PE Ra time, pre 9pth) + (9) nat, + f+ Shtme,—3/%th + 3/ th?) — 


5 | (hy —f*t-+ Lhmt, + 2fth) = 0; (936) 


wherein 
B H 
E M(f—h—y)ds 
Mp Sreegeig,  e 


— Q' = FEL Ax, + Ely +l) + # 
Af. ext. on ABG 


A f. ext. on BEH. 


ane 
The calculations of the angular deformation at H and K, nil deflection at these 
points, leads to the two equations : 


= St + 2ufl — au ee m (mt, + 2ft) + ee, A = (h2la — (2 + Qhmt, + 2th) + 
+ (M, + Mg) (lg + mt, + fi) BEA) 6.5 sn See ae 
wherein B H 
I £ Mds 
Q': = T Mdy + Io B a ae 
A f. ext. on ABG Af, ext. on BEH 
ON ey [See Be) (mt, + 2ft) — a (h2t, — (21 + 2hmt, + 2th) — 
an (M, = Mo) (hts + mty + ft) = Q'o ae ee ee (938) 
wherein 5, hag as Bes. ss ‘H : 
ee ] E Mds 
ag a SR (\ eee tee 0 ‘xe ces 
Qo Q if Mdy Ip B I 
A f. ext. on ABG Af. ext. on BEH. 


The nine equations (930 to 938) include nine unknowns of the first degree S, p, 
X, Ry, Re, S;, Se, M;, M2, and form two systems, one including five equations 930, 
931, 933, 935 and 937 with five unknowns S, u, Ry + Re, S; + Sa, My + Mp, and the 
other including four equations 932, 034, 936 and 938 with four unknowns X, Ry — Rg, 
S,—S. and M, — M,. 


here : 
ae A As er BK, 


fe Tees a = ae a: ree AR 
Koh — pos Sarah Soa oat Set 


Solving these two soins prea: _ lengthy calculations useless to Y epi 3 


in which : 
Ay = 3f(4hty + mt,) (A ley + ftmty + 4/tl) + 6htyl (Bhmt,—2/2t) . . » (948) 
By =3fh(2hty + mt,) (4lme, + ftme, + 4 fl) +6 h?tel(hmt, —f?t). . . . . (949) 
Cy = 2fh[ (hl, + mt, )(4imt, + ftmt, +4 ftl)—fthtl]. . 2 . 2 ©... (980) 
D'; = 1 (mt, + 4ht,) (Imt, + 3fimt, +4 fl)—A4ftPht, . 2. 2. 1 1 we. (951) 
BE’, = lh (mt, 3 2 hig) (Imt, + 3 ftmt, + 4ftl) + (*tl?mt,—2/t?zht, . . . . (982) 
de= efit, Uitat cathls (2): Rh) tee ee Sale eat oe Ae (OOS) 
kK, =— slime, [Sfhmt,.+ 2h*ts(8f + h)—f8 =. A Se (954) 
N= Aus \(lmt, + 3ftmt, + 4ftl) [4h3ty (hto + mt) + ft (4hty + mt,)] + 
+ 3/%tlmt, (fmt, + 4fhly + 4h? la) — Aftlhty (Rly + f3t){ 2... (958) 
G A 
H’, = — (8ft + mt,)Ipo | B ct — (3ft + mi)! | Mdy + 
A f. ext. on ABG ./7 9 f. ext on BEH 
B H f 
4 31“? Mdy 4 you E pee! ig afte? Méy. 
A f. ext. on ABG B f. ext. on BEH 0 f. ext. on BEH 
F 3ft (Ay td tal ae ae Fee ea OO) 
G is 
HW, = 6(3/t + mt,)1, | ® ste eaten Lae we Mif—y)dy = 
Af. ext. on ABG 0 f. ext. on BEH 
: B . H 
+6(3/t+mt,)El, (Av, —2) 97 Mdy got E a = 
A f. ext. on ABG B f. ext. on BEH 
E 
— 9/*t : Mdy pals Elp(Ays —d—d’) . . . (957) 
0 f. ext. on BEH 
i ay ei 
Hy — re mir h—s)dy + fito| § “PE - 


0 f. ext. on ABG A f. ext. on BEH 


e 
4 
= 49 == 
G hf = 
f2t — 2th — hmt, Mds - f2t — 27th — hmt, {y a 
= eaer }ty three =| 7 = May +7 
A f. ext. on ABG 0 f. ext.on BEH | 
a (til, (Ate = e-+ ©) eres oe (958) | 
if 3 P 
, mt, . eae =e mt, + 2ft\ Io | 
Anat, i on ABG 0 f. ext. on BEH 
J. H . 
oh res ~ Mdy- iia : ae (959) 
0 f. ext. on ABG A f. ext. on BEH 


ie f((hit, + my) H'sh + mtyH's] + 
if ! 
(7H, + Ws) mes Genes, 4. 3rhmi, + 2h, — ft). . . - (60) 


a ; ’ AUANUE ie 205 
Ky = Flint + Qt) Hs + mbH) + Segara) 


H's = +5 (3/1 + mt,) ElpAy, +p, (Ay, —d+d)+ 


(fmt, + 4fht,+2h*tz) (964) 


<= ¢ : r B es 
+3 (B/t-+mi)Io | B a +5 (37t + mty) M(i—0)ds — 

J Af.ext.on ABG - A f.ext.onBEH 
. if pecnade H sy en : ee 
aeecaly - OFtl, |. M(m —w) ds | ote a 
OFtT | Mdy | Ree ace. Ort Mdy ae 
.0-f.ext-- Om ARG) ag es ene ext on BEH. 0 fF. ext. on BEH ae 

(B (i § a 

I ae Ano di a i ba - 

ead Mir hy) 0b | peels en ne 


He 


mt, + 2ft\Iy 


Ip 
7 i Mids —f2] May 
A f. ext. on BEH 


0 f. ext on ABG 


agit 


K’, == h (hts +. mt,) H’, — 3mt, H’, ° 
K', = (2ht + mé#,) OH’; — 3mé, H’,. 


With these data we can start the definite calculation of all the unknowns for the 


various cases of loading proposed. 


roms 


Mds 


I 


f. ext. on BEH 


(963) 
(966) 


Frrst case. — Local vertical load P, on the middle span acting at a 


horizontal distance a from B, a being < J. 


Fig. 3. 


We shall aa : 
H, =— or * [a (3 ft + mt,) +2 ftmt,] 
Hi ==3 eins 
A, = 24 [aft (2h—f) + hme, @ft-+ a). 


H,= re [a (2ft-+ mt,) + 2 ftmty] 


Hi = “4 [a(31—a) (3 ft-+mt,) + 6 filmt,] 


Hg = 72% [a (81—a) (2 th + ht, — f%0) + 6 tlm) ; 
H’, = a (a (31—a)(2ft +-mt,) + 6 filmt,]. 


K’, = —P,a(a', + ot'o @) . 
wherein : 
Me fea) (Qht, + mt,) 


(967) 
(968) 
(969) 


(970) 
(974) 
(972) 
(973) 


(974) 


(975) 


(964) 


ae) Os 


aly = GL(MLy (8 ft + Amt,) + hrmty (2/4 + B/mt, + Ht) a er eae 

K’, = — Py a (ols bag) oe cei yh «co eee 
wherein 

aty — Ls ants 4 niyo ee a ; | 

alg 5 (2 hla (Bt + 4mty) + mb, (2 /% 19 fmt, £30%)). oe 

Ks: P, (e430! al=clsts) c+ ea a 
wherein : P| 

als and fthimt, (ty Lt) sa ev Sp at na gee 


1 > , 
alg = 77 (2NFI9(8 ft -+mt,) + mt, (4/th-+hmt, +/*y) . . . . «+ (982) 
Ki, Pyo(a'z+3a'gal—alga®) ee te 
wherein " 43 


Spee lest oa SP MD We ot ca : < sles es (984) 


us= Ty eR a pa ee ST Rae ee (985) 
d= Ft etery (986) d= etasi—a] . . . . (98t) 


Introducing these quantities into formule 2 to (946) we obtain : 
pee Le aa (2h?t. + 2 ht — f?t) (988) al 
= aC ; . 5 a = pe . . a” 2b ac ee en y ae = 


ee ee 
gag : © etd oe 4" ae ats, 


ay Pye 
Whena=0,X=0 


. F PI ies 
S,—S,=— Th fr? m*t,? (fmt, + 2hly +4 fhte)(I—a)Ql—a). . .. (1000) 
1 
When a=0,S8, —S, = 0 
Pw : ss 
M,— M, = [Pmt ? (2 hely + 6 fh2t, + 3 fhmt, —f3t)(I—a)(Ql—a) . . (4004) 
Ny 


3 P, af?t?mt, (I— a) (2) — 
— Sm Ta eS [f3t(2hta+ mt.) + hits (Qh? ty 4-3fmt, + 


Se Ahint; | co toe nee Peas Leite ae oe e409) 


R, — Ry = 


These formule are easily simplified for the case a = / when it will be seen that 


P 
X = 5 S;—S.= 0, M; —M.=0, Ry —R,=0, which proves the exactitude thereof. 


SEconpD casE. — Vertical load distributed over a length a of the centre 
span, starting from the point B, and varying from p, to p,, a being < /. 


Fig, 4. 


Applying the preceding case, we obtain readily : 


Smt, Z (2 hts + 9hont, —/*0) [p, (41—a) + pr (81—34)] aoe. = A003) 
4 


2 
= 5 [p4 (2 at! + a 410 a) + po (4 ca + 3 19 a)| <5 fi STE specie nies (1004) 
: 
8) + Sp = — Fe fmt, [p,(41—a) + p2(81—3a)} eck SU Set eee eee) 
4 
2f2 . 
M, + M, = SE» (41 —a) + p2(8/—3a)] as sale eae ee (ICG) 
4 : 


2f2 amt : 
Ry + Ry = — Oe EY (py (A—a) + po (81 — 3a) glee spn) east OOS 


Ae aa \p 10.a!43 + 30/44 (5/—a)] + p2 [20 aig +3a/4(18/—4a)}, . (1008) 


nw {4s ae 


: azf2t?met,? 2 2 2 
Sy — Sp = — SEE (fmt + 2h + 4h) [p (202 — ABal + 3a?) + = 
i : 
4 pe(40l2—ABal+12a%)]. . . . . . . . (1009) am 
a2f?t?met,® : i 
M,—*M,. = — SHON, (2 Mle +8 [hte +3 flint, — /*t) [p,(20/?— 15al+3a )+ 
+p, (40? —48al + 122%]. 20 eo 
2/242 
Ry — Rp = — Ton iht ht + mt,) + ht, (22 + 8 fmt, + 4hmt,)] [p, (202 — 


— 15al + 302) + po(40l2—48al + 1202)] . 2... (A044) 


Nore. — If in the case we have just considered p, = p2 and a=/, we obtain q 
(see fig. 5) : q 


Fig. 5 ; ¥ 


__ palmt, i phe s 
SPE (hy + Qhmty — /) 3 =. oti 


THIRD CASE. — Horizontal local load P, acting on th 


err wees 


vertical height } above the point A, 


We shall have : 


wherein 


wherein 


P3b2imt, 


a 


+ Qmt ») — 2b (87t + mt,)] 


H’; = ae [7t (8f — 2b) + 3hmi,] 


P.b?imt, 
H’, a 3 5 i 


H', =; P3b*tmt, . 


ee a [ft(8f—20) + 3 hmty)— H's 
Hi, et _ 

K', = P3b?(y'y + by's) . 

v= Mule [F(2 ht, + mly) + hte] 

vip = — MI [8 At, + mt) + 2H] 


K’p = P3b? (y's + by's) 


13 = se [7(4 hla + mty) + 3 h*te] 


Pea seepaei sities 


K’, = P,b?t (y's + by'e) : 


e upright AB at a 


(1021) 


(1022) 
(1023) 
(1024) 
(1025) 
(1026) 


(1027) 
(1028) 


(1029) 


(1030) 
(1031) 


(1032) 


(1033) 
(1034) 


wherein 


wherein = 


wherein 


Se | ee 


cf am [h(Qhty + mt,) — fC) - 
tmt 
v6 = + ’ 5 i 


K', = Pabtiy’es 2. 


9 =F int, (4ht, + ml) . 


Pb°U 
Y= 


g _- Pab? (v'ef+by0) 


Epa 


+g = 6 [h (ht? + mt,) (2lmt, +ftmt, + 4f tl) — tl (h2t, — fmty)] 


y/o = —2 [2h (ht, + mt,) (mt, + ftmt, + 4ftl) — ftl(2h?lz— 3fmt,)] . 


For 


__pybtt (r b) (ht, ae mts) hmt, 
C, 


nam SN, 


ore 


| Zin = Bite mt) = UA rhe + Pt, + 8086) TUS ee eee at! 
Tes Ags Mer we Cae ( 


3 P3b?tftm? Ved A 


bes -f, $=" 


Toy 


(y'10 + y'145) 


(1038) 
(1036) 
(1037) 
(1038) 


(1039) 


. . (1040) 


(1044) 
(1042) 


0 
a 


seek Teen 


wherein 
Yay = 3fh (Qht. + mt,) (Qlmt, + 8ftmt, +4711) +Qmt, (73t + he t.)—6f?th?tol (1054) 
Y/1g = — 2 [h (2hty + mt) (Imt, + 3ftmt, + Aftl) + ftl(fmt,—2h?ts)] . . (1055) 
3 P3btftimt, , , os 
Ry Re ty ty Saabs aot Rae wee om oh ie i74 086) 
wherein 
Y'19 = BFR? lq (Qlmt, + 3ftmt, +211) +91 [A lo(hty+2mt,) — (3U(2ht,+mt,)]. (1057) 
Y/o9 =— 2 [AP te (lmt, + 3ftmt, + 2 — Fi its aah) ie ee eee (1058) 
For b=Oandb—f, M,+M, become nil as do Ry + Ro. 
Fourtu cass. — Distributed horizontal load over a vertical length b of 


the upright AB starting from A and varying from p, to p, (see fig. 7). 


‘Fig. 7. 
S= we [Sf y'g(p3 + 3p4) + 3by/g (pat 4pa]. . . . . - . . (1059) 
= I Be MD sr egese3p) —2b¢Bs + Ho Bae mer O60) 
5 TN to lis + Bye) + BPP + 4D) s+ 1061 
31S, = yo (Ps + 3ps) +30 Yi0(Da + HPO] s+ (1063) 
Si Ss + Type [rs + 8p) —Bb (ps + sp) es = ee see 
My + Mp = — RM 5p (o5 + Spa) — 301 ne BR ADAIE «0 bee oe 00S) 
Ry + Rp = ~ an: (ht + 2mt,) [3/(p3 + 3p4) — 3b(pg+4p4)). - + + + (4065) 
M,—M, = “en BY. 7 peep) 4 8by/ie (Ps bapa, ae Oe eg (1066) 
By — Ry == — I y/so ls + 80s) + B0ri20(P9-+ Ava] © + + + (1067) 


The values of y's to y‘29 are the same as these in the third case above. 


sa Ree 


We shall find quite readily the simplifications to be made in these formule 


when b = f. 
If, in addition, from b = / we take pz = p, we obtain (see fig. 8): 


S —ir * [Qh (ity + mt,) (Blmt, + ftmt, --4ft) + ful (fmt, — Wy) . 


Dal* thmt, (hte + mt,). 


ers ise 
412m? 1? 
xan (4y'10 + 877/41) 


: ‘ 4t2lmt, 
5, — So = — (Ayia + 8fy'1a)- - 


TSS “f- Ss = p>f4tlnt, : 


2, 
_ _ ps ftthimt, 
ie 5 nae, 
D3f 4thl (ht, +9mt,) : 
— & + R,= = es ve ee = . . . 


tlmt ca 
MyM = ti + Bs) 


“ia psfttlmt, 
FA ae es oie 


. . . ~ a . . . . a 


Sai oe oeical local load P, acting 
os at a horizontal. dato a from ae d being < 


» ving, x: Se ' 
ee Te ate ed 


(1068) 
(1069) 


(1070) 


. (1074) 


(1072) 
(1073) 


(1074) 


_ (1073) 


wherein 


K’, — 


which gives : 


oa 


aa 3P.dt,7t 
2m 


3 


Se 


H', = oes [d (8m — d) — 2m2}. 
Hi, = — LETT —d). 

Y= a USUBLE —d). 

H’. = seule [d (8m — d) — 2m?] 
ests is 

= Se hh (m—d). 


K’, = Psd (6), + 6',.d + 6/302). 


SS frhtt, 
pod ore 


m (2ht. + mt,) 
2 
2 = — ME (ahty + 2mty) . 


(Aly 4- mt) . 


et 
°3 ~~ "Om 
K', -- Psd (8, -+ 8’ + 3’) 


0'4 = f7ltym aE eae) Z ; ih ) 
O's = — FP tt, (Bhlg + mt,). 
s 2tt 

sig = Ge (ity + ty). 


K’, =— Psd (0'5 + 6'gd 4. 0'9d”) 5 


Ol, == SPUM one, + mt,)\ - 
8's of oe (Bht, + 2mty) . 
= 3fiLh 
ty — OU ite + mts) 


[m? (4hts =e mt,) — Amt (3hts + mt,) + d? (2ht, + mt,)] 


2 


P-dt x 
ata (m28'4q + mdo'y, + d?0'49) 


(1078) 
(1079) 
(1080) 
(1081) 
(1082) 


(1083) 
(1084) 


(1085) 
(1086) 


(1087) 
(1088) 
(1089) 
(1090) 
(1091) 
(1092) 
(1093) 


(1094) 
(4095) 


(1096) 


(1097) 


ay | poe 


wherein. 6,5 = 91 (hi#t, + 2himnt, —[*l). es ee eee (1098) 
Yi, —— Ff (4lnt, + /tmt, + 4ftl) — 2 (Bh2t + Alt, — 2771). . (1099) 
B1, =F (Almt, + ftmt, + 4fUl) + 2 (h®tz + 2hmt;—f*t). . . . (1100 
. Tt will be seen that for d=Oandd=m, S=0 


at th 


Yeo om [2 (mt, -+ Ata) m2? — md (Bhly + 4mty) + dd? (tg + Qmt,)} . (1101) 


co ao m8 eK THES g Lae ee ee 

— SmN, 

wherein 

8/45 = 4A ty (hla + mty) + f2t (4hta mt). 2 6. = Pa ee 

Big = — [Ht Bhity + Aly) + 27% (Shy + mes) + S/R ME) on kaa ana 

é! ty = Wily (htp + Omty) + ft (Qhtg + mty) + 3fh2tamty . . . . . (1108) 
For ~ Sees Onan amet Gee ; 

paar — Patftiia eg = madlag + Ola eee 
wherein eee oat in tA Ma fa ogktHa. See 
Bag = Lint hte (I+ 87t) — 2f2U (Bhty + me). . UL 5 i a 

bs: a = — [ht (Imt, + 3ftmt, + 2/tl) — 72tl (ht. + mt,))- Rene h et. 
For~ [5 Olandd= m, —S:=43, be ae 
S$ 8, = +4 (ne {+ mids +) eee 

wherein ae ae 7 al nome eee ees 


ae = f(Almt, + fmt, a spl) — 4 nl. 
ober om os 8g = =P nt, + Font, + 47th + BPA 
vad twill be ipa’ seen that for | Ee = 0 and eck m, ma 18S =o. es 


By integrating the formule of the preceding case, we get : 


a ea [5m?8'49 (2p5 + 4p6) + Smds'y, (Ps + Spe) + 
a 3d?6'45 (Ps == Ang) | Oe OE OF hae ane eae 
w= ee - 120m! (ity + mt,) (Ds + 2pe)—Bmd (3hit, + 4mt,) (ps + 36) + 


+ 3d? (ht, + 2mt,)(p; + 4p—e) . - + + se 


For d== 0, RK, + R, = 0 and for d =m, R, + Re = P, 
P- wlt AU 
M, M, = AmN i m?d's5 + mado’ 31 =e ( *0'39) (1122) 
wherein 
0139 = —2(8fhmé, + 6fh?ty 4+ 2hF ly — f*t) FEl (1123) 
63, = [me, (1 + 37%) (73¢ — Qh8t,) + 38f2tl (fmt, + Wer ie bhet) . (1124) 
8'59 = — [(F3¢ — QhFé,) (lmét,+-3ftmt,+9/tl) + 373Ul (fmt, + Shmt, + 2h*ts)]. (1125) 
For d = 0 and for d==m, M, — Mz =0 
% Pedisgtl =.. 
R, — Ro = InN, (m?6’,, + mdo’s, + d?6's5) . (1126) 
wherein 
6/33 = + 6ftl [73t (2hta +- mt,) + White (ht + 2mt,) + 3fh?tomt,)] (1127) 
6'34 = + 6mt, (1 + 38/%) [73t (Qhty + mt,) + hte (ht, 4- mé,)] + 
+ 3/2tl (fmt, + 2fht, —2h?t.)\ . (1428) 
Og, = — Ime, }(l + 3/0) (7 3t (hte + mt,) + Ate (ht, + 4mt,)] + 
+ ft (ft + 3f?mt, + 3f%ht, — 6Fh*ta)| (1129) 
For i= 0, R, ai R5 == ((), For (— m, Ry — Ro => P;. 
SixtH case. — Vertical load distributed over a_ horizontal length d 


calculated starting from the point B towards E and varying from p, to 


{see fig. 10). 


(1130) 


(1134) 


2/2 
x = — PAPE amet, (pst 2pe) + Bde (Ps + 3P6) + 
1 
+ 347647 (75 | 4p6)] . 
. ~ dt ftlme, is he oa 
Si — 82. = —FOmN, [10m?S!;g (Ps + 2p6) + 5mds' 19 (Ps +36) +3d?6'99 (ps +-4D6)] 
2 
S, +8. = oa © [10m?6/, (p5-+2p5) + Smdo'r2 (ps +36) + 3d76'23 (ps + 4p6)] 
My +My = FA" 10m (Ps 2p0-+ Sas s+ SP) + BED Ps +49] 
os " . 
Ri +R, = & earn -[10m22 > (ps + 2p) +3ml5'as(Ps-+ Po) +34°3's0(Ps-+ APe)] 
a es 20 9 w ! PING 
M,—M2.= HOmN, [10mé a 30 (Ps +2p¢)+5mde's (Ps + 3p) + 3d?6"32 (D5 +4p6)| 
d?t, ftl 


R, —R, = ~ 240m2Ny 1om?2's5 (D5 + 2pg) + 5md6'34(ps+ 3p6)+-3d?6's; (ps+4)¢)| 


The 6’ have the same alles as in the fifth case above. 
» / There He be no difficulty in finding the reductions to be ides in. the 
which d = ‘ 
If fenence from d = m we have p; = pg ere case of fig. 11), we ety 


(1132) 
(1133) 


(1134) 
(1135 
(1136) 
4137) 


(1138) 


case in 


a . iT ee 1 


2 bigs 


: Pamalafel® a. a ae 
Neen Syne er ce Cate ety rp wrens Cae ta ewer SIG n YE) 
2 - penal «3 
S, bared | S2 =— ee ae 66! {8 + 4 4G! 19 a 30'99) . e . . % . . . . . . (1145) 
nm t2, ftl 
Panes rT ato abe 4598p) ok 4 
{ 2 A8N, (6 0 39 41 0 34 3039) 5 5 ; 7 S (1146) 
: 2 smb fll os x ae 
Re hae ak CNG, ape RL Won ee gy, 
SEVENTH CASE. — I*ixed horizontal load P, applied at a vertical distance g 


from the point E of the upright EH (see fig. 12). 


We shall have 
P. 
HW, =— 3 fttsm (GA) secntea ce ia oe es LIAB) 


Hep Et rsper + me, AfleSo sian eee Sela) 


Pall 


HY, = -“L cf(f2t + Bhmt,) + 6hmtyg + 2g2t, (3h—g)]. . . . (4180) 


vale (finiget Oink g +29%te) a Pea oe ee, eB 


H's = 3 Poftt, (f+ 9) =— 3H ete a ee re See EIS) 
Wy = f((2t + Shmt,) -+ Ghmt,g + 2y%y (Bh — yy} =H’, . (1438) 
pi, = POE ynty + 2mtyg + 29%) =H 2. 2 s+» (ABA) 


K’, = 92 fPmtyfs (h3—3h?q +3hg?—g*) = "5 pumtye (h—g)® . (4155) 


: ~p : 
K/p = £8 p2tmbyty (g? — 2gh + 12) = 8 flit, h—g)?. .. (1186) 


"ya ie oe 


K'5 = a ® ftmt, [7 (6h2ls+3hmt, — 7b) + 6hPleg —Ghteg? + 2g%t2] (1157) 


Kt, = Op (hte + ty + Ahtg — 2444). aS at ee 
. Ps t 2745! 28! BINA 
S= “OREG, (h36', ++ A?ga's + hg?s's +4 OV AEM crake eo Se 


wherein 3, = OF [(hitp + mt,) (Almt, + ftmt, + 4ftl)— fthil]. . . . (4160) 
oe — —3 [f mt, (Aime, + fimt, + 470) —Qh*telmty] . . ~~ (A161) 
85 — —6 [fhty (Amt, + ftmt, + 4ftl) + ht, Qhmt,— 2]. . (41162) 
ly =f (bhte + my) (Alt, + ftmt, +4/t) + Qhtel (Bhmt, —221) (1163) 


For g=0, s = 1, For Sisal, Ss). 
2 Pet ee ee a a 
For g = 0 and eat v= 0. . 
op oe - FE (Bs + gi  gi8')-po alae 
wherein a = 3fmt, (4lnt, 4 ftmt, + Spt ee ee en de 
Se (4mt, + fmt, + Aft) — htalf*)] set . (4161) = 


By = — [Af ty + fmt, (Amt, + fimt, + 4fa) — srAthlil) (1168) 
For g=0,;°."S,+S,=0 “andforai.g=h, — Sy+S, =——P,. a 


WV, + ge HOW! GE... ss OO 


‘ M, + M, = pit ( 
wherein ta rh (ts ee 3570.2 See 
= 2 hit, (Alint, + ftmt, + 4ft) — Of tyh2tol. 5 Syke att 


te. =— fh (mt, -+ Pht.) ne re a oe 2Fthtol. 
‘ = Ure end ats 


For Gh. S; — Sp = — Py. 
3P £22242 
Se aa [h?led'15 + hgted'y6 -+ g2to8!,7 + g3ted's} (1179) 
wherein O'55 = 2fh (ht, +- mt,) — f3t . (1180) 
O16 = 2 (Fle + £31) — 3fhmt, (1184) 
O47 = — [43 te + F364 6fh2 ty] . (1182) 
O19 = fF (4hly + mt,) + Qty . (1183) 
For g-= h, X == 0. 
M, — M2 = en (7? ENO! 49 + ME,Gd'oq + Y?t2d'2, + g3tyd'o9) . (1184) 
wherein 
O19 = F(2hts + mé,) (Aime, + 3ftmt, + 4ftl) + Wht, (hint, — ft). (1185) 
dog = (2h3t, — Ft) (Ime, + 3ftint, + 4/tl) + 3f?tl (Qh2t, — fmt) . (1186) 
0/5, = 2 [(2h3t. — /3t) (Ime, + 3ftmet, + 3ftl) — 3f2tlmt, (F+h). (1187) 
d/o9 = — Bh (Vht, + mt,) (Ime, + 3ftmet, + 4ftl) + 2/7tl Qh?t, +- fmt). (1188) 
For g=h, M, —M,=0. 
ete : vom (0'93 + gd!o4 + 9?l2d'25 + 93t20'2¢) - (1189) 
wherein 
O53 = —f3th?ts (lmt, + 3ftmt, -+ 26tl) — £2th? tol (2h2ty + 38fmed, + 4 (1190) 
0/04 = Qhte (ht, + 7b) (lmt, + 3ftmt, + Bel) + 6f?thtglmt, (7+ h). (4197) 
ae = — (lmt, + 3ftmt; + Qf tl) (73t + 4h3t.) + 31f7t (2h?t. — 3fint,) . (1192) 
0'og = 2h2ty (Imi, + 3ftme, + 2tl) — WPtl (2ht, + me, ) ‘ (1193) 
For g=h,; R, — Ro = 0. 
Eiguru case. — Horizontal load distributed over a length g of the 


upright EH starting from the point E and varying from p, to pg (see fig. 13). 


Fig. 43. 


We shall readily have by the preceding case : 


ee g 
5 =90R, | 
+ 395d", (pz + 4ps)] . 


30',h3 (vz + ps) + 10h? d's (p; +23) + 5hg*d's (pz +3pg) + 


(1194) 


AG oe 


pO (vs + 2ps) — 10hg (ps + 8ps) + 39? (s+ 4ps)]- C195) 


S, + So ~ ane [10h7d'; (py + 2pg) ate 5hgd's (Pr + 3ps) ae 3970’; (pr ++ 4ps)| (1196) 
M, + Mo= mer [10h2d's (pz + Qs) + BAGd'g (Vz + 3ps) + 3g7O's9 (D7 + Api]. (1197) 
R, +R, = fo fe (Amt, -+ fmt, + 9ftl) (10h? (py + 2ps) — 
— 10hg (pz; + 8p) + 3g? (pz; + 4pg)]- . . . ~ - (1198) 
297.2 fe : 
a oN [308',,4? (pz + pg) + 108'i¢hg (pz + 2pg) + 
. +.89°0's7 (Dy + 38ps) + 8g7043 (M7 + Aps)] . - - « (1199) 
Si — Sim — Fig BOE (Ps + Do) + GORE 8 ad (Ps + 2p) a 
+ 809242!) (Dz + ps) — 69%420'14 (pz + Aps)l. -> (1200) 
M, — My = SEE (80/2008 (ps + ps) + Ag 8’ (02 + ps) + 
ap 5g? tod'o, (pr a 3p) lee 3g tod! 22 (pr =e 4ps)}. Sen ag ti 201) 
tits oc. | 
Ry — Ry = OTE [B00'a5 (ps + ps) + 109024 (pr + 2p) + | | 
E 5g? 2095 (Px + Bpg) + 3g%tab'265 (Pz + 4ps)] - - -_- - ae) 
The values of the 3! are the same as in the seventh case. eee 
There will be no epee in finding the reductions to be he in these formule 
when g = h. AR 


 Ifin addition to g = h we make Py = Dg, that i is to say it the ean! is oe of i 
ae 14, we pee : : 


hs “nt Coie ais Sg eee cee eee 
r 3taf2t O49 61 2 as ‘ ’ 
eae 32N,, mt", [2 (het. — OF3t) + 3fh (8mt, + 4ht.]. 3 ... .« (1208) 
E ye thi t 
eee Ox AS \POP8¢ (ARE, + mt,) + bly (Alt + Sme,)} (ime, + 
+ 3ftmt, + 47fil) + 6f3tlmt, (4ht. +. mt,) — 4f thtel (23 + het.) + 
52 90/°th?ishni; ee eee (1909) 


Daf thimt, , 


M, -— Ms = TAN, \dmt, + 3ftmt, + 4fti) (2h? ty (473t 4+- At.) + 

+ dhmt,(73t+ hFte)] +-37?thimt, (8fhtg+ 3/7 mt, + Shits) — QW th tel (473+ hFts){. (1210) 
aS thime, ,. 

R, == A» = ue \2h2t, Wee ais h3ts) (Imt, + 3ftmte, == 27tl) +|- 
© il 


+ 3f*th?tel (2h2t, + 3hmt, + Gfmt,){ . . . . . . (A244) 


Nintu case. — Horizontal displacements + Aw,, +e and +e’ (positives 
towards the left) respectively at A, H and K (see fig. 15). 


In this case : 


Hees. oe 1 H’, =F 6 (3f¢ + mé,) ElpAx,. .- . .> (41213) 
Be filly Atego ee I Ho 0h ees) 


K’, = tEI, [| —/*tmt, (Aw, — e+ e') — 
g eft a Wi Ax mt, (6fh2ly + 3/fhmt, + 2h3t, — f(t) | 7 
6f(3ft + me,) 


= nts [Aa, (6fh2t2 + 3fhmt, + Wet?) — ft (e— ey]. . (1216) 


H;=0 . (1247) HW’, == = FtEl, (Ax, —e—e'). (1218) HY =0 . (1219) 
K’, = + 3/ftmt, El) (Av, —e—e’) . (1220) Ki p=200— Se ee ee et) 
3EI ei ee Sete BE, (003) 
S= +: RTC, pepe = Ws ( 
wherein 


Set PER ta — 8fmé,) — 2h (ht, + mé,) (lime, + Femiprr 4fth ie oe 22) 


a, 


pre 
co — (2 [f (Alby + met,) (Aut, + fle; + 4/El) + Wheel Bhmt, + 74)... Ca 
y= 4 Sah [2hAa, (ht, +mt,) — PiC€—C)) co so Rew Oe ee (1225) 
Cy 
s,s, op BEloftits (ar, —e— elim, +A ty + 8m, +4710) — ALN] (996 
‘ 1 
2 
aoa 1 El, (Ae, ee ) (fmt, + 8hty OF +H]... . (198m) 
wherein 
S.+8:=+ peat! —6h2tglmé Aa, [f (4hty -- mé,) (4fmt, + fmt, + 4ftl) — 
—4fithi,l] (e 22) eee 
M4 Meee we Dh%talmt Aa, + eee 
+ (=e) [/ Bh, + mt.) (Ame, + Pome, + 4ftl) — 2P*UhEsl}| >. (1229) 
R, ER, a+ [2Aa, hime; + f(e— e) (Aime, + Ftmt, + 9Ft)). . . . (4980) 
Mao iiess (gin (Ax, — e —e') (h (Ime, 3ftmet, + 4ftl) (Qhty +-mt,)— 
. — fil (Qty — mth ot eee A 
R, — Rg =+ pe tint (Ax, — e —e’) [h?t, (dmt, + 8ftmt, + 4ftl) — 


tse aS [tl (fmt, = If hte oe 2h? to) | = ks epee ie Aaa = (1232) 


- Note. — The calculations of the ninth case also apply to the expansion and to the 
contraction of the sections EB and CF; if +e and +e’ represent the expansions we 
introduce into the formule 4923 to 1232 — eand—é, = --é and +¢ forthe — ~ 
contractions with.Av,—= 0 


“TEnrH cask. — Vertical displacements aes akeegee d and +a (posives aa 
nas the eae vets at A, H = K (see fig. +16). . 


eS wae 


+ 
H’, = + yi Ely paid diet ete RR ree Peer en er( 1990) 
Estee Ugieeee-ce.2 (1235) He Stet ee CCR) 
Ky = eulily hie se ant) EEG AY. (— <0 10) ban eee ees 2 (1237) 

kK’ =— ~ 3ft 9 i 2 Ud 98 
Se heer (2hie mt, \ Kip (Aye — 6 =20 ae, a ee 238) 

9EI 

heer ove Ay, —~d+d) aS See mt,) ElgAy, « -- . (4239) 

(724 — 2th — hme, | 
pee 2 LUE es Rae eo es gS 

| 

ie ease EIgAg Le ek See Me OL 


ae 


; 
K’; = + El, }— (h?t, + Amt,) (Ay, -—- d + al’) + [27th (3ht + 2mt,) + 
+ hmd, (2ht. + mt) ae ZITRE bis ches eee eel eee) 


K, = + Ely } (Qht, + mé,) (Ay, —d+ da’) + +20 [4/t (Sht, + mé,) + 
+ mt, (4hf, fe am 5 ig eae ee cee ee 
S= +e (Ay,—d—da') wherein o', =/(4lnt,+ftmé,+ 27 tl) +2hl(htg-+-2mt,) (1244) 
U = Bee elo oe = oped Wise OM Wek Ay. cee a, woe gee 245) 
at 
Sy — Se = + I Sd dlp oelcaheie' | ROR gw. E246) 
wherein 
f 3ftlme, Fee yp meh aN ROS e412 (D2 OF 9 
Ola are pea [(imé, + 3ftmt, + 4f Ul) h2t, — ft? (Qh2t, + 2 hty + fmb,)}. (1247) 
oly : (2 im? be (fmé,; + 4fht, + Qh? to) 5 Z 4 5 5 2 g : : 5 (1248) 
Xp Gel [(Ay, —d +d’) og + Ay, o's) 6 Se ee (1249) 
1 
wherein 
oy = ee ist. on Se ee + ante (ht, + Qmé,) +,87h?tymt,] . . . (1250) 
gs ret (Alt + mt,) + hteme, (Nt, + me) + (4? Bhle + mls) + 


1 Fthity (3hly + Amt,) + Bftth2tgmiy] . . . .-.  « (ARB4) 


S48, = +S Nye gd edi tp sei tint 8 Ne Ae xa, eel 252) 


5, eae 


prac 


(Ay, —d — d’)(Almé, + fémt, +976) . 5... (4958) 


M, + Mo = 
Ry + Ry = hy — d — a’) [(htz + 4m) (4lmti + 7 tmt, + 2ftl) — 
— lihis oni] Se ee, eae eee 
Elod 


Mi — Me = tay (Ay, — oa oo + Ae 9a] oe St, 2 ee 


wherein 


gap EM ime, + Btls + 27) (78t — 2%) + | 
4. 8f2th (fmt; 1 Mhmt, .9httel. . Sac a ee 
iy = — [/20 m2 ft, + Bfhints + Wty) — Ft]... . (1987) 
RR = +5 Edn +d — alee + Ay gall 2. 2 2 se  . (1988) F 
wherein — 2 


lg =2 [fe (by + més) (Almt, + 3ftmty) + 12lp (ty + Amey) (Ints + 3rimt,) — — 
— filmt, (4h®tg+ (Pt)... 2 2 ee (1259) 
og = IPE mts [Pt ae mé,) + ts (ht, + emt): 3 Syetants Mia ee Ss 


ELEVENTH CASE. — Eris or contraction + 2k of the ‘section ee 


In this case : 


Hy = 0 So eerie) Me = 1 /F mts 136 
Hi 0 oy 1S <e | ao He Ae 


wie = teeta OF + SP Es — =r ; 


— 31 — 


SA 2B Ght 2 ; 
Mp Mo = 3: tol, \/(2hte-+ mt,) (4lmty + fimt, +47 — hte (+ f?t—hmt,)! (1279) 
_ S6EI od ., | 
Ri+ R, = Fe, Uf bent + ftmt, + 27ti) + Bi (het, + Qhmti\}-. 7... . (4280) 
Chive lene! OS ie I a EO a era ere (1281) 
ie Shee Pa re doe RET, oh: S85) a eye seh 8 ee ge, (1989) 
GENERAL kEMARKS. — I. The general remarks contained in the article on structures of 


the form considered above but with jointed piers. are equally applicable to the present 
study provided account be taken of the bases of the piers being held 

Il. The formule found in the above study are applicable to the case of the arran- 
gement shown in sketch A (fig. 17) below, except in making in ith = —h, b = —b 
and tz = — lo. 


f¢ 
‘ Sketch A. 


It will also be easy to calculate the form of the sketch B (fig. 18) which is only that 
of the sketch A turned round; it will be sufficient to take the formule already found for 


Sketch B. 


Fig. 48, 


+ 


Pia. (2 


the sketch A (fig.,17) except .that the positive or negative directions of the various 
cases of loading considered are to be taken into account. 

In the same way, we can suppose in the original form of the girder studied at the 
beginning of the present note, that the forces act in the opposite direction to that 
considered ; it will be sufficient in this case to reverse the signs of Ps, p14, Po, Ps, Ds, 
Par Ps, Ps. Pe. Po, Pr, Pg in the formule. 

Furthermore, the remarks just made can be applied to the case of the structure 
of three spans on four piers, jointed at the base, the case studied in the note published 
in the August 1927 Bulletin of the International Railway Congress Association. 


APPLICATION. 


Over bridge of the same arrangement as that calculated in the preceding article 
for the Bruxelles-Midi to Denderleeuw line, 
but supposing the bases to be rigidly held instead of being jointed (see fig. 19). 


Big. 149. 


I) = 0.04m+4 I = 0.004m+4 I, = 0.03m*4 I, = 0.004m+4 
In (0.04 Io60.04. 4 I 0.04 
pares as a eect eee 
{= Gab Fee Paes Kis ee on Pe MIy ee 


By formula 950 and 955 we get : 


C= 2x 7.8 x6) x 10+8 2x gl [Ex 8.3 x5 x 
' o 


6 
x 8.90 + 7.8 x x4 x 8.20 +4X 7.8 x 10 x 3.3) — 


— 7.5 x 10 x 6 x 10 x 5.3] = 90 (71 x 2 642 — 93 850) = 14 724 000. 


oe 
a 


— 33 — 


TADS SS NOS BES Se RO SZ 


r xO ) 4 o) | 
Ne iss SS ts 3K 9 eX 1nd 1053.20 x ¢ 


CO) eS 


--+ 


4 
=3 ot 
44x TB x 10 x 5.3) [4 <6 x 10(6 x 1048.2 x : +13 X Lo (4 % 6x 10-4 
> 4 + = : 4. | 4. 
+ 8.2 x 3} +3 x 75X10 X53 x 8.2 x 5(78 x 82x 5+4x 1.5 x 6x 
] 0 \ e 


: =3 =—=3 
x 1044 x 6% x 10) 4X 7.5 X 10x 5.3 x 6.2% 10/6 x 10473 x 10}{ — 
= | 084 [4 107(612 000+ 1 058 900) + 97 580 x 8 322—6 379 x 93 400] = 
= 1 084 x 6 578 401 000 = 7 130 986 800 000. 
1. Load of 1 000 kgr. per lineal metre over the whole span BC. 


The formule to be used are those 1012 to 1020, except for doubling the values of 
S,u, Sit+S., Mi+ M2 and Ri+R, and cancelling X; S:1—S,, M1— Mz, and Ri— Rg. 


S33 gs 
2x1000x53x5X%82 _, Reese 
(2X6 x10+2x6X8.2 x 3— 17.5 x 10) = 


14 724 000 
_ 36100 x 88 x 289 ax 
= 48 724 000 pes Bes 


Si 


=: 4. 

” Dye Dy = 
ae TEES en es 4) _ 2 619 048 
9 = ——ar roo (00 + 8.2 X 3] = Te -98 OOO 


T5X6 a6 = ; 
E10 3X TS+4 x 10.93) + 4 x 8.2 x 5 (7.5 x 10 + 10.93)| = 
“0-934 TE 754 000/008 x +4 > 10.93) + 4 x 8.2 x 5 (7.5 x 10+ 93}| 
894 510 


~ 2x 14 794 000 


==_0 47.73 


= 0.03037 


= 0 
es 2x 1 000 x53 (3 X.0.1778-+2 x 0.03037 x 3.3) = 8 0. 8533—8 008Kg.-M., 
a figure lower than that found in the case of jointed piers, cn is logical. 


re 4 
2x 2X 1000 x 5.3 x 7.5 x 10 x 8.2 x 3 


7 Si4+ Ss, ee Ce eens 
pe Ss le eree pees 2x 14 724 000 
5.8 x 345 400 258 

eee a eee ee OS eis 

= 14 124 000 pen 
= = es 

2x 2%1 000X3.3X75X10X6X89 x 3 

M.+M, = 2x 195 = 280 Kg.-M. 


MM = 8 x 4 24 000 


Ret Ry 128 x 6604 10.98 X 2) pparer 
Ry = R, = 1 = — 39x 10.93 — 682kgr 


Se 


The results just found enable us to prepare the diagram below (fig. 20) of the 
moments in every part of the structure. 


654125= 190Kee 
480/gm \_ 
5,3% 1000 +682 =5982Kgs. 


eal 
$3 xtoco +682=5982 Kgs, 
Fig. 20. : a 


Hy = 250 Kg. M=M, 

ET =ET’ = 950 —6 x 123 = 500 Kg.-M. 
BU — —500 + 682 x 8.2=5 092Kg.-M. 
BV = 14 048 — 8 008 = 6 087 Kg.-M. 


6 037 =190 x 7.8+8002-+DWe .. = ae 


whence = -§-§.«s DW=—1 4284945 =—480Kg-M. 8 ar 
| BX = UV=—480-47.5 x 190-945 Kg-M. = 35 a 


t fica inch Peon Be 


in Rages 2s 15 ods 


ee — If in the Paes structure, ze make eo 2 instead iS _ * 10, IE mee 


ext 000%5 DE 3 


u- ; (3 0.1975 +2x5.3x 0.0878) — 2° ao x 0.781 =7 313 Kg.-M. 
y 6 
125 x 14.794 
S =— SS, = — OS (oy; 
5x 4133 mae 


yi D4 
M, = M, = 250 x Jae = 178 Kg.-M, 


682 x 14794 
ox ¢ 4433 


5&4 135 


Ry = Rs — 


SS ih ker. 


These results show the considerable differences we get according as /t = 10 or= 2 


— mde 


2. Load of 1 000 kgr. per lineal metre wniformly distributed over cach 
of the spans EB and CF. 


The formule to be applied are those numbered 1139 to 1147, except as to doubling 


the values of S, u, S;+ Se, Mi + Me, Ry + Re and to cancelling S: — Se, M, — Me, 
Ri —Re and X. 


2x1000x8 8.2% 5 


— 7.8 (21.2 10.93 + 75x 10.93 + 4 x 183.3) —2% 5.3 (19 
S 8 x14 794 000 (7.5 (21.2 10.93 + 75x 10.93+ 4 x 7585.3) x 6.3 (12 x 
93 10x 6—7.3B x 10) 1 418 2 641 

SE aoe eee ar eC uLT aoe 
— 10.6 (132 +1 080 — 562)] = 160 ker 
2x 1000 x 82x 4x73 X10x6 
ie ee gg a RE Cael. One 
oe 94 x 14 724 000 tS obec UES) 
1472 x 3375 x 202 Son 
et went et ee TOE MM. 
= 24 x 14 194 eke 
23} 
sis, 2% 1000x825 
= 5. = = err 9 644-+2 x 5.3 « 569) = 
ee 9 saan <2 Bie 
{ 412 x % 164 ag 
Sp TNO NUE 359 
= oA eR 
eet 2x 1000 x 82x aX 15x 6 
1c) nig gear eee at ORE WY ESS ec p tye) = 
MeN eis et OO ) 
1472 x 45 x 3 436 LRAT alt 
=~ o4 x 14 124 ce 
Bi + Re__ 2x 4 000 x 8.2 X75 X63. 69 4.4.x 10.98) 2 641 + 4 x 
ee yd Sear SPE! Ie ) 


x 7.5 X 8.3 xX 14] =3 816 ker. 


ay ba tee ill 


Js Biresi 


The results just obtained make it possible to prepare, as shown below, the 
diagram (fig. 21) of the bending moments at each point of the structure. 


82 x1000~3816=4384Kgs. 3,2X 1000-3816 =43 84K 96. 
Fig. 24. 


EX = EX’ = FY = FY’ = 392 x 6644 =1 988 Kg-M. q 


cp = po 1 259.4 82% 000 _ —3 $16 x 8.2 = 3 617 Kg-M. 


AZ = DZ! = 7.5 x 162 — 776 = 439 Kg.-M. | 
BU = CU'= PQ = "Q’ = 3 617 — 2 841 = 776 Kg-M. ; 


mie — If for the same structure we have t = 2 instead of t= 10, fibacpneely = 
instead of 75 and we have C1 = 4 133 160 as found above at ihe 4. pes ae * 


> 


g = 2X1 000 v 83x I 


| Sea 5 (289+ 16516) —10 6a ok se aay =— ee. 
aie Sais x53 — 281 kgr. c ae “2 ee 
7G. ker 4 << es a = 


eet jee 


_—M+M, 2x1000x8.3x141. _ | 
Mera gs 7eO% TB X 6 (232 + 164+ 477) = — B82 Kg.-M. 


- 


wes 2 x 1 000 x 8.2x7.5x6 
Ri = =—Ox dx 4 138 160 (224 x 4 + 4x 15x11 x 5.3] = 3 680 ker. 


We see that the loadings differ considerably from the case in which ¢ = 10. 


3. Horizontal thrust Ps; = 1 000 kgr. acting towards the right at B due, for instance, 
to a vehicle having the brake applied. 
The formule 1040 to 1058 are to be applied in this case taking b = f which 


gives 
u = 0, S:+ S, = 0, M, +M,=0, Ri + Rg = 0 


== = = 500 kgr. 
3P3f?l?m 22h? ty (Qh*le + Whmt — fFt) _ 


i SN 
_ 3x 4000 x 75 x 7.5 x 10.93 x 60 x 6(2 x 360 +12 x 10,93 — 75 x 7.5) 
se SNi a 
_ 8.000 x 4 837 665 720 x 289 
- SN 


N, is given by the formula 955 and equals : 


Vay, —3 
M “oe ae eae 93 + 3X75 X 10.93 + 4X 75x 5.3) [4x6 x 10 (60 + 


$10.98) $7.8 % 10 (4 60+ 10.98)] +8 x 7.3 x 10 x 8.8 x 10.98(7.8 x 10.98 + 


+30 x 60 +4 x 360) —4 x 1B x 83 x 60/6 x 1047.5 x 10)| = 

—6 

eee = 7 996 349 < 10 
4 


- 1 837 665 x 867g. 
X = 7 996 540 29 ker- 


Be oo ERED 4 mt,) (mt, + 3flint + 4/4) + L(19fhtmt, + 38fm2t?, + 
1 2 
4.000 x 42 187 % 58.! 3 ra yc 28 ; 

4x 7.996 SAD 10 


x 4193 + 8.3 (720 x 82.54 33 x 82.54 2 160 x 11 — 4 x 60 x 562.5)] = — 


638 
2 460 x 7499 160 ___gsgker. whence $,=—S,=— —s- = — 319 kgr. 


TAK 7 296 849 


+ 6h2t.mt, — 4/?thts)] = 


LS ee 
Pof8t? Imt 2 vz 
M, — M, = er pe [fh (2hty 4+ mé) (Almety + 3ftmt, + 4fti) + 2h? tel (amt, — — f*t)] = 


10 
_ 95.086 x 23.78 = 2029 Kg.-M. M,=—M,—1 041 Kg-M. 
« 2), G 
Ry Ry = — EO pitt, (Amt + 8ftmnty + 2/0) + BNA (aly + mb] = 
4 
et: < 60 (4193 x 21.2 x 14 — 150 x 5.3) + 10.6 x 2 160 x 82] = 
= 31.43 % 414402 Se SNR geen eh ee ene 


which enables the bending moment diagram below to be drawn (fig. 22). 


Be t000lgs a 


i fe - 
Whine 
IMA um 


‘6; 


\M17 =1071Kg rn 


ad OT aon 


4. Contraction — 2) = 0.04 m. resulting in the section BC from a fall 
im temperature or from a shrinkage of the concrete. 


Formule to be applied : 1273 to 1282. Allowing E = 2 000 000 000 for concrete 
Jy being 0.04 we get : 


—9 
2 Ghee AO Xx. 0). 045% 0, 09 ux ——-3 ae 
ae OAL TS 10 (xO 0E10. 93) 6x 
7.5 X10 x 6? x 10X14 724 000 
aS 


—3 
x 10(60+ 10.93)] —4 x 3.3 x 60[75 (7.5 X 10+ 6 x 10) +3 x 6 x 10.93 (60 x 64 


: = 2 96 D EA! NO ¢ A‘ 
+6 x 10.98 —7.3x10)]| = — seg ae aaa [2 OHH (1 088 969+ 613 440) — 
i : 96 x 3 842 524 169 
— 1 272 (478 425 —26 995)] = — = — 12 372 kgr. 
1 272 (478 425 —26 925)] 5 BIE DO 12 372 kgr 


For the piers jointed at the bases we get S = —3 084 kgr.; this difference is easy 
to understand in view of the additional resistance offered in the present case by the 
rigidity of the bases of the piers. 


96 x 160 x 14 ae 405 600 x 289 


p= +—a7 798 [12(60 + 10.93) —7.5 x 10] = TEASE = 2 073 Kg.-M. 
: L 9 x 96 
Yi, Sg gee ee x 60+ 10.93) 2 641 —2x 


__ 960 (4 971 682 — 589 572) _ 


TC) 
530 004. 7 946 ker. 


x B.3x 60 (2x 562.5 —3x6x 10.93)] = 


= = = = Sree x 60 + 10.93) 2 644 —2 x 


5 760 (2 594 782 — 315 456) 
530 064 


iM, = M, = 


x 5.3 x 60 (562.5 — 6 x 10.93)] = + — +4 24 769 Kg.-M. 


Ri +R, BX. 06, 964008 tena Kt 


57 600 (19 807 — 742 


This gives us the bending moment diagram helow (fig. 23). 
Fy = ET -= ET’ = Fu! = 7 946 x 6 — 24 769 = 22 907 Kg.-M. 
BV — CW = 4 348 x 8.2 — 22 907 = 14 386 Kg.-M. 
— 9 073 = — 4 496 x 7.3414 386 — AW 


cd 


hene 
oe AW = DW = — 33 195 + 16 459 = — 16 736 Kg.-M. 


BX — CX! = 16 459 Kg.-M. 


It will be noticed that the moments are much higher than those found in the case 


ae 


of the jointed piers : from this point of view of expansion and contraction of BC, the 
piers jointed at the bases are better than those rigidly held. 


| im. ee ee P| | i 
rN E a: 5 S= 12552 Kgs - & 


—= 


| 

[me BPS 
5, =N 

| 


S,= 7946 Kgs 
11,= 3446 9K 10  ncasehi5R 
5S A 72Sf2 poe bg 
S, 45 43.Kg3- Topi Kge 
8 igs. 
Fig. 23 
Note. — If for the same structure we made ¢ = 2 instead of t= 10, which would 


give {t= 15 instead of 75, we should get C, = 4 133 160 as before and obtain results 
very different from those found above for S, u, S;, My, Ry. 


5. Contractions e = 0.03 m. and ée' = 0.03 m. 
respectively of the sections BE.and CF. 


Taking into account the last note on the ninth case of loading considered above, 
it is proper to apply the formule 1222 to 1232 changing therein the sign of e’ in the 
case of contraction and of ein the case of expansion and making A,, = 0, which 


—9 
gives when E = 2 x 10: 


==9 ae 
2 ><.0.03 <3. 25610 04 : 
ga es Se ee ee 971 682 — 389 572) = 
7.5 x 10 x 6 x 10 x 14 724 000 


144 x10 x 4 381110 _ 


Sage G TCP TY Pere tere ERS ts 
2) > 
2K 0.03% 3x2 1010.93 x 562X0.04 144 100 x 6 182 | 
er ee SEO = TF ar Kg M. 
—9 
“ 7 S,+58 2x 0.03 x 6x 2x10 0.04 
fe Oo eee els PORT A bet Na nein eatin 8 GF OES 
ie? ee x 860 1k TEL O00 0 ee OR A X98 X 
1 440 x 4 286 182 
x 362.8 x 60) —— 1440 X 4 286 182 ' 
562.8 x 60) Ratt 14 364 kgr. 
eae 


M:i-}+ M, 2x 0.03 X62 10 x 0.04 x 6 
M, = Ms, = - == — 
Sra 5 2x 360 x 14 724 000 SEI BE 
a : ; 8 640 x 2 237 032 
SOD 0)= AG Come 
562.5 x 60) =+ S50 OG = 36 468 Kg.-M. 
==9 
Ri + Ro 9x 0.03 x 18 x2 « 10 x 0.04 x 7.5 
Ri = Ry = : 3 (2 644—2 
ca? 9 2x82 x 14 194 000 igs Ot toes 
we o¢€ w 8 < 
4 BB x 13) — 2 SAX A IB 7 age 


This gives us the bending moment diagram (fig. 24). 
Fu = Kw’ = ET = ET’ = 11 564 x 6 — 36 468 = 32 916 Kg.-M. 
BY = CV = — 32 916+. 4 957 x 8.2—=+7 731 Kg.-M. 
6 046 = — 355 x 7.5-+7 731— AW 
whence: AW==DW’ = — 6 046—2 662.5 +7 731 = 937 Kg.-M. 
BX = CX’ = 7 731 — 6 046 = 1 685 Kg.-M. 
We see by these results that the moments in the columns EH and FK are very high 
at the ends in the case of loading considered. 


In the case in which the piers are hinged at the base instead of being rigidly held, 
we get from formule obtained in a previons study under the Nos. 906, 907, 908, 


4957 kgr. 4 957 kgr. 
Fig. 24. 


and 909, completed by 714, 715, 726 and 727, S = —2 952 ker. 
w= —3916Kg-M., S,;=S,=—2858kgr. Ri = Rp = — 1 582 ker., 


- 


=A ee 
or a moment, at E of : 6 x 2855 = — 7 130 Kg.-M. instead of 32 916 Kg.-M. as © 
with the columns rigidly held and 0 at H instead of 36 468 Kg.-M. ; 
Note. — If for the same structure we take ¢ = 2 instead of t = 10, whicti gives 


ft = 15 instead of 75, we get Ci == 4 133 160 as found previously and finally we arrive 
at results very different from those obtained above. 


6. Resistance of the ground pz == 100 kgr. uniformly distributed over the whole length — 
of each of the uprights EH and FK. 


The formule to be applied are those numbered 1203 to 1211, except for doubling 


the values of S, u, Si +S, Mi + Me, Ri + Ry and for making ae 0, Si - —S= she 
M: — M. = 0, Ri — Ry = 0 which gives : 


S= site [f (Aint + ftmty + 4ftl) (Alta + Bmts) + Wty (hmt — 2/20) = 
200 « 36 re : 
eTarerane eo 825 + { 590) 273 + 636 (66 —1 125)]—= 
900 : St ae 
=7TT757 00g (3 <2 648 x 273 — 636 x 1 089] = 289 ker. cit 
_ 2prhAta/?tmty _ 200 x 12 960 x 562 x 11 4a Ke. eames 
AC oS Ok Aa 724 000 = : 
a HB al 
Sere eae can [(Almt -+ ftmt + Aftl) (St, + Smt) Beat nee Pr = 3 
200 1.8 x 36, 650 — 
sere Waet Me = egy [\Almt + ftom + Myth (hts + 3m!) — sini) =! 
_ 200 x 7.5 x 216 x (408 144 — 47 700) _ re 


42 x 14 724 V00— 


= sit +p + 3 = 20 —— 


= 122 a M. My =M es 
meee 


eng <— S=289hg5._» ; 
(a a We aie Bei UU ATA i 
Ne pe Ax 1:05 Rema 2 aC 
rh 5 Ye: 3 
Ee gre 
236 1hge- ipso: —e tltgs tohigs <— geen D 
{, “lt hha 
R=3$ ky S C6Kigrk a3" 
$7 gs. 37h. 
Fig. 25 
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R= bFRgS. 


Note. — We can readily find the values of S, u, S; + Se, Mi + Me, Ri + Re for the 


case of t = . = 2 instead of 5. 


We shall have for » for example : 


200 x 12.960 >< 112 x 11 
94 <4 135 160 ee 
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The co-ordination of the duties of the Operating 
and Locomotive Running Departments and their organic reunion,”’ 


By Grorces HARCAYVI, 


ATTACHED TO THE INTERNATIONAL INSTITUTE FOR THE SCIENTIFIC ORGANISATION OF LABOUR AT GENEVA. 


Figs. 1 to 3, pp. 46 to 49. 


INTRODUCTION. 


The intense and rapid growth of pas- 
senger and goods traffic after the war 
forced the great railway companies to 
carry out quite a series of enquiries on 
the scientific reorganisation of their va- 
rious departments, and in particular, of 
those directly concerned in the movement 
of traffic. 

The Operating Department which de- 
cides the running of the trains, and the 
Locomotive Running Department which 
is responsible for the movements of the 
locomotives, have felt more than the 


other departments the pressing need for: 


reorganisation. 

The closer collaboration of these two 
branches of the service assuring the mo- 
vement of the trains has resulted in or- 
ganic reform on different railway admi- 
nistrations. 

it would be of interest to study the 
existing state of affairs on the great rail- 


6 ee eS eee 


(1) Translated from the French. 


ways as regards the useful co-ordination 
of the duties of these two departments 
both at headquarters and outside. The 
result will be to show that in consequence 
of local conditions the liaison of the 
Operating and Running Departments is 
assured in a distinct way, 


— either by the general co-ordination 
of duties of the Headquarters Services, 


— or by close local co-ordination of 
the Outdoors Sections, 


as follows : 


1. — of the area controls of the Oper- 
ating and Running departments in the . 
divisions of the system; 

2. — of the area traffic regulating 
centres (Dispatching- System, Special 
Train working staff, Train Control Sys- 
tem) ; < 


3. — of the stations and the depots. 


The character of the traffic, the more 
or less variable manner in which it col- 
lects, the legislative bases of the general 
operation and the particular bases of the 
regulations governing the movement of 


the trains and of the work done by the 
staff, as well as the more or less. highly 
developed administrative centralisation 
on different systems, exercise consider- 
able influence upon the form in which 
this co-operation between the services 
mentioned expresses itself, 


Study of the co-ordination 
of the duties of the Operating and Locomotive Running Departments 
on the Paris, Lyons and Mediterranean Railway. 


The Paris, Lyons and Mediterranean 
Company operates a railway of a length 
of 9821 km. (6103 miles). This system 
elongated in form (fig. 1) is almost sys- 
tematically divided into two parts, by the 
vertical axis formed by the main line 
from Paris to Marseilles through Lyons. 

The districts served are for the most 
part agricultural, horticultural, or viti- 
cultural, the exceptions being the ore 
fields of the Loire, and the industrial 
areas about Lyons and Grenoble, the 
steady growth of which have their in- 
fluence on the increase of traffic. 

The intense passenger traffic on this 
system is seasonal towards its Southern 
part — the Riviera — in winter, and to- 
wards its Eastern part — the two Savoys 
— in summer. 

The goods traffic is regular, but the 
traffic currents are quite different as re- 
gards their speed. 

G. V. — (Grande Vitesse). — The agri- 
cultural products exported, such as ve- 
getables, fruit and flowers, demand fast 
services and make it necessary to organise 
services of goods trains running at high 
speeds, known as express goods trains. 


I—5 


This traffic is unilateral in origin : 


— from the port of Marseilles and 
the producing districts of the 
South, such as : 


— the coastal districts of the 
Mediterranean ; 

— the Rhone valley; 

—- the Vienne district and 
that South of Lyons, 


and flows toward the North, the desti- 
nations being : 


— Paris; 

— the ports of exportation to 
Great Britain; 

— Belgium; 

— Germany; 

-— Switzerland. 


P. V. — (Petite Vitesse). — The ordin- 
ary goods traffic originating in the South 
generally does not leave France. This 
traffic, directed from the South to the 
North, quickly loses its density and, 
checked at Lyons, is to a large extent re- 
placed by traffic in the opposite direction 
coming from the East and from the 
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Fig. 14. — Map of the Paris, Lyons and Mediterranean Railway. 


Explanation of legend (right top corner) : 
P. L. M. (Paris, Lyons and Mediterranean) System. 


Lines in France over which 
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ummm |. 1. M. lines in Algeria. 
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Other railways. : etd 
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North, which comes on to the Paris, Lyons 
and Mediterranean System, in particular 
at: 


— Is-sur-Tille, coal and iron from the 
East and North of Franee, the 
Saar and the Ruhr; 

— Villeneuve - Saint- Georges, goods 
from the Paris area, coal from 
the North, and important goods 
through the Channel and Atlan- 
tic ports. 


The large number of express passenger 
trains in both directions, and the very 
great number of express goods trains, in 
connection with which punctual delivery 
is very important, has resulted in the very 
marked parallelism (fig. 2) of the train 
working diagram in order to be able to 
reap the advantages of the rational orga- 
nisation of the work on more or less ho- 
mogeneous mass production lines. 


* 
* * 


As regards organisation, the system is 
divided into : 


11 Operating Divisions, each under an 


Operating Superintendent who repres- 
ents in the Section the Chief Engineer of 
the Operating Department stationed at 
Paris; 

8 Running Divisions, controlled by En- 
gineers in the Running Department res- 
ponsible for the Division to the Chief 
Engineer of the Running Department, or 
the Chief Engineer of the Rolling Stock 
and Running Department at Paris; 

3 Rolling Stock Divisions, each under 
an Engineer Controlling the principal 
Workshops under the Chief Engineer of 
the Rolling Stock Department or the Chief 
Engineer of the Rolling Stock and Run- 
ning Department at Paris; 

12 Permanent Way Divisions, control- 
led by Engineers under the Chief Per- 
manent Way Engineer at Paris. 


The Divisional Headquarters : 


— Operating, 

— Locomotive Running, 
— Rolling Stock, 

— Permanent Way, 


are stationed at the following centres : 


Operating. Locomotive running. Rolling stock. 
Paris. Paris. Villeneuve-St-Georges. Paris I/II. 
Nevers. Nevers. — Nevers. 
Dijon. Dijon. — Dijon. 
Lyons. Lyons. Oullins. Lyons I/II. 
Clermont-Ferrand. — — Clermont-Ferrand. 
Saint-Etienne. Saint-Etienne. = — 
Valence. -- — ee 
Marseilles. . Marseilles. Arles. Marseilles. 
Nimes. Nimes. — Nimes. — 
Grenchis _— — Grenoble. 
Chambéry. Chambéry. = Chambéry. 


Permanent way. 
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Fig. 2. — Graphical time-table of passenger train 


V. B.— The suburban trains between Paris and Montereau Villefranche-sur-Saén: 
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as also the local trains between Cannes and Vintimille, are vot shewn. 
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The divisions of the Operating, Loco- partments do not quite coincide, their 
motive Running and Permanent Way De- boundaries sometimes overlapping. 


* 
nt 


The Headquarters’ services of the Company are located at its Head Office in Paris. 
The general organisation is shewn diagrammatically below : 


Chairman of the Board of Directors. 
Chief General Manager of the Company. <<a 


General Manager for Operating. : 3 = a 


Chief ‘Engineer Rolling Stock 


Chief Permanent Way Engineer. Chief Operating Engineer. : 
: =| and Locomotive Running. = 
ae. 
Assistant Chief Assistant Chief Operating Assistant Chief 
Engineer. Engineer. — Engineer. 


| : ee 


_ Assistant Operating 
Superintendent. | =a 
: ee 
Superintendent 
of Train Movement. 
2} hee sts 
Se hd aria | 


| Head of the Train 


| Inspector General 
of ; 
Train Movement. | 


Rens faa 
. “idteah 
" of the Train — 
| Movement 
Section. 


% 
Pa 
£ 
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nation of the management of the three 
departments by delegation from the Chief 
General Manager, arbitrarily assures their 
liaison and the necessary collaboration. 


The Chief Engineers of the 


— Operating, 
— Rolling Stock and Locomotive 
Running, 
— Permanent Way Departments, 
correspond 


— either personally 
— or by administrative channels 


when they have questions common to all 
to settle. 


— The meetings of the Engineers-in- 
Chief presided over by the 


— Chief General Manager or by the 
— Manager of Operating Services 


deal with all general questions affecting 
the satisfactory working of the different 
departments. 


— By authority from the Chief Engin- 
eers of the 


— Operating Department, 
— Rolling Stock and Locomotive 
Running Department, 


their immediate Assistants, namely : 


— the Assistant Chief Operating 
Engineer, who may be represented by the 
Superintendent of Train Movements, and 

— the Chief Engineer for Locomo- 
tive Running, who may be represented by 
the Principal Engineer of the Locomotive 
Running Department, 


come to agreement on questions concern- 
ing: 


— the train times, 


— the loads the engines can work 


and the distribution of the lo- 
comotives over the system. 


On the other hand, the turns of duty 
of the enginemen are quite independent 
of those of the train staff. 

The train times and speeds are regulat- 
ed by the Operating Department, always 
of course taking into account the capabi- 
lities of the different types of locomotives 
in use on the system. 

The timings of the important trains 
are definitely settled at the Joint Confer- 
ence of the Train Service Inspectors held 
at the beginning of each year at the Oper- 
ating Headquarters at Paris. The timing 
of local trains and goods trains is in most 
cases arranged by the Train. Inspectors 
under the Principal Inspectors at the Di- 
visional Headquarters. 

The turns of duty of the train staff are 
decentralised in the Operating divisions, 
as are those of the locomotive men, which 
later are fixed by the Divisional Engineer 
of the Running Department in each sec- 
tion in agreement with the heads of the 
adjoining sections. 


Under the Chairmanship of the Gen- 
eral Operating Manager, a direct liaison 
has been established between 


— the Superintendent of Train Mo- 
vement, 

— the Principal Engineer, Running 
Department, 


both of whom are responsible in turn for 
ensuring the closest understanding pos- 
sible between the two working services in 
question. 


The tours of inspection made by the 
Inspector *General of Train Movement 
enable him to intervene directly in order 
to remove all temporary difficulties in 
the working of the Operating and Loco- 
motive running services, and which could 
be settled on the spot by the immediate 
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and active assistance of any one of the 
services concerned : 


— by alterations in the working of 
certain trains; 


— by drawing up new paths for light 
engines in order to return them 
quickly : 

— to the starting point; 
to marshalling yards; 


— by alterations in the load of goods 
trains according to the capacity 
of the locomotives available. 


II. — Divisional Headquarters. 


— The Principal Inspectors, Heads of 
an Operating Division, 

— The Engineers of the Locomotive 
Running Department, Heads of 
a Locomotive Running Division, 

— The Divisional Chief Engineer of 
the Permanent Way Department 


only confer together at irregular inter- 
vals, but co-operate in all particular cases 
which occur in which two or three divi- 
sional services, as mentioned above, are 
affected, as for example : 


— reduction of the regular speed of 
trains due to relaying, etc., sleep- 
ering, ballasting, renovating the 
track or bridges, etc., when daily 


orders and service instructions — 


are signed by the Divisional Heads 
of the three services affected. 


The Divisional Heads of the Depart- 
ments also discuss : * 


— the notice to be given for locomoti- 
ves required for « as required » 
and « special » trains, 

— the timings to be regularised for 
the working of light engines, 


— the times at which the rakes of car- 
riages will be made available for 
washing. 


As regards repairs to engines in the 
Sheds, engine workings, as well as move- 
ments of enginemen, on the one hand, 
and on the other — the preparation of 
workings for local goods and passenger 
trains, as well as movements of train 
staff — the two departments are comple- 
tely independent. 

The Operating Department in principle 
orders « as required » and « special » 
trains to be run, which the Locomotive 
Running Department ought to be able to 
cover readily whether they be regular or 
not. 


The Locomotive Running Department 
in return takes the initiative in : 


— asking for the re-timing of a book- 
ed train which does not fit in 
well with the movement of the en- 
gines or of the Locomotive De- 
partment Staff, 


— preventing the running of an addi- 
tional train : 


— the path of which is bad, 
— the load of which is too 
small to justify it, 


— following very closely the loading of 
goods trains and reporting to the 
Operating Department those not 
made up to full load. In- this 
case, the Operating Department 
takes steps to put the matter ~ 
right. . 


Ila — Dispatching-System. 


The regulation of the traffic on the © 
Paris, Lyons and Mediterranean System 


- (Sale 


<9 ar wee aia 
ne et eke ee ae ae 


10 


is done by three distinct organisations, 
namely : 


1. The Central Train Dispatching Of- 
fices ; 

2. The Train Control of the Lyons 
area; ‘ 

3. The Offices of the Controllers of 


_ Train Movement in stations. 


The map (fig. 5) shews the present po- 
sition of these organisations and their res- 
pective areas at the beginning of 1928. 


1. The role of the Dispatching-System 
Central Offices. 


The Dispatching-System adopted by the 
Paris, Lyons and Mediterranean system 
consists of the concentration of all infor- 
mation regarding the movements of 
trains in the hands of a single employee 
known as the « Dispatcher » “and con- 
nected by a special telephone system to 
the: ; 


= ‘stations, 
— signal boxes; 
— of a line or 
— of a group of lines, 
— either double track 
— or single track. 


The working of this organisation, and 
the conditions under which the Dispatch- 
er gives orders in the stations and the 
signal boxes, derogates to some extent 
from certain requirements of the General 


Operating Regulations in force on the 


Paris, Lyons and Mediterranean system 
from the fact of the liaison which is 
established between : 


— the Dispatcher, 
— the stations and signal boxes 


of the line or group of lines on which the 


_ Train Dispatching System has been put 
into operation. 


The essential role of the Dispatcher 
is to: 
— supervise, 
— guide 


the movement of the trains on the line or 
the group of lines in the zone he is con- 
trolling. 

In principle, the Dispatcher does not 
interfere in the station working. 


His function as regards the stations 
and signal boxes is to: 


— supply them with information 
affecting the movement of the 
trains, 


— advise them as to the correct 
steps to be taken to: 

— eliminate the causes of delay, 
— prevent blocking the: 

— stations, 

— sections of the line, 

— prescribe, in certain determined 
cases, the steps the situation 
of the movement of the trains 
as a whole demands. 


The map (fig. 3) shews clearly the lines 
of, the Paris, Lyons and Mediterranean 
system on which the Dispatching-System 
has been in operation since 1928. 

The main lines controlled by the Dis- — 
patching-System are divided into conse- : 
cutive circuits, controlled by the respec- 
tive Central Offices. 

Local arrangements decide the condi- 
tions under which the Dispatchers of two 
adjacent divisions transmit to one an- 
other the information to be forwarded 
from one section to another or inversely. 

The Dispatcher is kept constantly in- 
formed as to the actual state of the traffic 
as a whole. 

The stations and signal boxes of the 
line, to which he is connected by special 
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Fig. 5. — Map of the lines on the Paris, Lyons and Mediterranean System equipped with 
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telephone, advise the Dispatcher at fre- 
quent intervals of any matter concerning 
the running of trains. 


They advise him in particular as to : 


1. The actual times : 
— of arrival, 
— of departure, 
— of passing 
of all trains; 


2. The delays in the normal running of 
the trains; 


3. Particulars concerning the loading 
of the trains : 
— their formation, 
— their sorting out; 
4, Advices of starting : 
— supplementary trains, 
— as required trains; 
— special trains, 
— isolated engines; 


5. Advices of the cancellation of : 
— regular or other trains, 
— light engines; 
6. Alterations made in the normal order 
in which the trains follow one another : 
— shunting into holding sidings, 
— dispatching out of turn; 
7. Advices of exceptional work or shunt- 
ing : 
— requests to stop at certain sta- 
tions, 
— attaching wagons which may 
delay certain trains at their 
station; 


8. Various incidents in the movement 
of the trains that may affect regularity 
of running : 

— failure of block apparatus or 
signals, 
— failure of couplings, 


— failure of engines, 

— requests for assistance, 
— derailments, 

— defective lines, 

— using avoiding lines, 
— double heading, etc.; 


9. Advices on the instruments of the - 
Dispatching-System : 
— their defective working, 
— their failure; 


10. Messages on the distribution of 
rolling stock, 


— as necessary. 


The stations and signal boxes maintain 
the register of all communications trans- 
mitted to the Dispatching System Offices. 

_By the help of the indications supplied 
them in this way on the running of the 
trains, the Dispatching Offices usefully 
fulfil their function of : 

— counsellors for the Operating 
Department, 

— intelligence agents for the Loco- 
motive Department. 

The Dispatchers advise automatically 
the stations concerned to which they are 
connected by telephone of : 

— the delays to the trains in order 
to assist : 
— their dispatch out of turn, 
— their running forward late; 
— the position of the trains run- 
ning closey together in front 
of: 
— a faster train; 
— the available holding sidings, 
etc. 

In return, the Head of Service in the 
stations ought to freely resort to the : 

— information given by, 
— advice of 


the Dispatcher as he requires it, parti- 
cularly in periods of 


— intense, 
— irregular 


traffic movements, especially in the event 
of: 
— congestion of certain stations, 
— interruption of any lines, 
— using avoiding lines. 


2. The functions of the Control Office 
for the Lyons Area. 


The Area Control Office common to 
both the : 

— Operating, 

— Locomotive Running, 
ments 

is at the Divisional Operating Headquart- 
ers at Lyons, Lyons being the station at 
which engines are generally changed, and 
nearly all goods trains are shunted 
and re-formed; such co-operation of the 
men of the two services controlling the 
proper flow of the traffic has been parti- 
cularly necessary and useful. 

The Lyons Control Office has as its 
objects : 

— the co-ordination of the work 
effected by the principal sta- 
tions in the Lyons area, 

— the closer understanding and 
co-operation of the Operating 


Depart- 


and Locomotive Running De-. 


partments, 


It is fitted out with many telephone 
lines which converge at the office and 
enable it to communicate quickly with 
everyone concerned. 

It can also get into touch with the sta- 
tions by the Dispatching-System tele- 
phones installed in the Lyons Central 
Dispatching Office which is close to, and 
is under, the Area Control Office. 
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In this Common Control Office are sta- 
tioned : 


— Two Inspectors of the Operating 
Department, 
— Two Inspectors of the Locomo- 
tive Department, 
who are responsible for the supervision 
of the movement of trains arownd Lyons 
at all times. 


The functions of these higher grade 
men, to whom has been given the fullest 
liberty of action, and who act in their sec- 
tions as the delegates of their respective 
Divisional Chiefs, consist in : 


— actively supervising and contro!- 


ling without delay the general ~ 


state of the traffic, 

— improving the work in the sta- 
tions and co-ordinating the 
operations made therein. 


In order to supervise and control the 
train movements, the Control Office has 
always available graphical time-tables on 
which the Dispatchers materialise the 
exact situation of the actual running of 
the trains. 

The Control Office is thereby kept au 
courant of every operation, is aware of 


the least irregularity, and can obtain in- ~ 
formation about the smallest incident 


from the stations and signal boxes in the 
shortest possible times. 

It very closely follows all variations in 
the traffic, proposes all the steps requir- 
ed to meet them without delay and in the 
most economical way, regulates the in- 
wards flow of traffic at the large stations 
having fans of holding sidings, and by a 
scientific use of these fans, as well as by 


making use of the goods trains workings, 


exerts a large influence on the proper 
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turn round of the rolling-stock and there- 


by improves the co-efficient of use. — 
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On the other hand, the stations are 


a 


E 
‘ 
: 
; 
4 


57 


14 


given accurate information by the Con- 
trol Office on the position of the trains 
they expect to receive in such a way that 
holding the trains at signals can be re- 
duced to a minimum. 

The holding of trains in sidings and 
forwarding them out of turn are regulat- 
ed in consequence with full knowledge 
of the reasons, which very greatly helps 
the output of the : 


— marshalling yards, 
— sections of the line, 


in the event of their accidentally becom- 
ing congested, and in turn makes easier : 
— the working of trains over alter- 
native lines, 
— the distribution of the staff be- 
tween the Control Offices. 


On the maintenance of a regular mo- 
vement depend, in fact, the improvement 
of the working of the stations, and the 
co-ordination of the operations carried 
out therein. But these two things which 
there appear to be the final object, are 
even the condition to be observed if the 
time-tables are to be followed and a good 
efficiency obtained from 


—~ the plant, 
— the staff. 


For this reason the Control Office, in 
agreement with the Train Movement Of- 
fice of the Divisional Operating Office at 
Lyons, is given charge also of the follow- 
ing matters : 

— making full use of the loading 
of the trains, 

— the proper running of regular 
or semi-regular trains, : 

— ordering « as required » trains, 

— use of the train staff and engi- 
nemen, 

— running of pick-up goods trains, 

— distribution of rolling stock, ete. 


The Inspectors : 


— of the Operating Department, 
— of the Locomotive Running De- 
partment, 


attached to the Lyons Control Office work 

together as regards the running of sup- 

plementary trains by taking into account: 
~~ the requirements of the stations, 
— the capabilities of the depots. 


The control Office is not in this case 
a link between the stations and the depots 
which ought to maintain : 


— direct contact 


but should simply help to form a closer 
and more intimate contact between them 
both, in order to obtain : 


— punctual running of the trains, 
— economic use of the available en- 
gines. 


With this object in view, the Locomo- 
tive Running Inspector, in agreement 
with his colleagues on the Operating side: 

— supervises the use made of the 
locomotives, 
— takes the necessary steps to pre- 
vent the engines 
— leaving, 
— arriving, 
from standing needlessly anywhere. 


In addition, he occupies himself as to 
the regularity with which the engines are 
supplied to work : 

— booked, 
— «as required » goods trains, 


started from the stations in the Lyons 
area. 


He co-ordinates the capabilities of the 
Depots in this area in order that engines 
for working the trains may be available 
regularly, at all costs and to time. 

This action of the Control Office ne- 
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cessitates the stations and depots submit- 
ting to a levelling of their respective 
needs and capacities, to abandoning in 
some cases certain degrees of their local 
independence to the profit of the situa- 
tion as a whole now become the all im- 
portant factor. 

This co-ordinated action undoubtedly 
facilitates the working, harmonises the 
arrangements to be made, and gives par- 
ticularly striking results as regards : 

— regular working, 

— use made of the engines, 

— the selection of « when requir- 
ed » train workings, 

— the splitting up of trains. 


3. The functions of the Offices 
of the Heads of Station Movements. 


These Offices have been put into oper- 
ation in the following stations : 

Paris, Villeneuve-Triage, Dijon-Per- 
rigny, Lyons-Perrache, Lyons-Guil- 
lotiére, Saint - Etienne - Chateau- 
creux, Nimes (P. V.). 

with a view to: 

— regulating the movement of trains, 

— speeding up the operations, 

— increasing to the maximum the 

output of these stations having 
a heavy traffic. 


In this case, the local Dispatching Sys- 
tem is covered in the important stations 
as regards the 

— formation of passenger trains, 
— relief of engines, 
— shunting goods trains. 

The Head of the Train Movement Of- 

fice regulates the movements : 


— on lines in the station 
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by co-ordinating on these lines : 


— the movement of the incoming 
trains, 

— the movement of the departing 
trains, 

— the shunting of stock, 

— the movement of single engines. 


These employees also cover liaison du- 
ties between : 
— the station and 
— the depot (or the depots) 


by transmitting to the Locomotive Run- 
ning Department the orders of the Oper- 
ating Department for the locomotives ne- 
cessary for « as required » and special 
trains. They have to take care not to 
order engines except when the train is 
complete and ready to start at the time 
fixed; they will also see that the various 
sets of men are properly arranged. 


On the other hand, they assist the task 
of the Locomotive Department by delay- 
ing the departure of supplementary trains 
in cases when this will make it possible 
to make use of foreign engines returning 
to their home depots. 


IIb. — At the stations and depots. 


The collaboration of the stations and 
depots has as its object the : 
— regularity of the movement of the 
trains, 
— the best utilisation of the locomo- 
tives. ~ 


In principle, the depots should supply 
all engines asked for by the stations, but 
it is the duty of the stations to assist the 
Locomotive Department so as to utilise, 
as often as possible, every engine return- 
ing to its home depot. 
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The chevron fish plate, 
By Grorers COULLIE, 


CHIEF ENGINEER, MIDI RAILWAY COMPANY, 


Louis CADIS, 


ASSISTENT ENGINEER, PERMANENT WAY DEPARTMENT OF THE MIDI RAILWAY COMPANY. 


Figs. 1 to 9, pp. 59 to 63. 


(Revue Générale des Chemins de Fer.) 


In the May 1927 number of the Revue 
Générale (1) we described the principal 
features of a new type of fish plate, the 
chevron fish plate, which appeared to 
present valuable features from the me- 
chanical point of view on the one hand as 
regards the joints remaining in good or- 
der, and on the other from the electrical 
point of view by giving good continuity 
throughout the track. As the Midi Com- 
pany as an experiment has fitted these 
chevron fish plates on 1 000 metres (1 094 
yards) of track on the Bordeaux to Cette 
line (between Saint-Médard and Beauti- 
ran stations), we have been able to re- 
cord certain data which have very defi- 
nitely confirmed the conclusions drawn 
from the theoretical consideration of the 
subject This present note describes the 
results obtained. 


I. — Recording the improvement 
in running conditions. 


The Marey apparatus already describ- 
ed in detail in the Revue Générale (?) 
was made use of. We will limit our- 
selves to a description of its main fea- 

(7) See also Bulletin of the Railway Congress, 
- October 1927 number. page 829. 

(2) October 1927 number : « Recherches expéri- 
mentales des conditions de stabilité des voies en 
acier. » (Experimental investigations into the stability 
of steel tracks). by Mr. Cotarp. 


tures, whilst giving more detailed infor- 
mation as to the special conditions un- 
der which it was used. 


Fig. 4. 


The essential part of the Marey appa- 
ratus consists of two manometric vessels 
connected together by india rubber tubes 
of 5 mm. (3/16 inch) diameter. The 
box A (fig. 1) is formed by a metal cyl- 
inder closed at the top by a:rubber mem- 
brane. This membrane carries at its 
centre a metal disc, which in turn car- 
ries on its exact centre a small screwed 
rod ; thin lead discs can be placed over 
this rod, a nut and spiral spring being 
used to hold them lightly against the 
disc. The box B, similar to box A but 
smaller, carries a lever, the movements 
of which can-be recorded on a revolving 
cylinder. 

When placed on a horizontal surface 
liable to undergo in the vertical plane 
sudden displacements, the box A at each 
blow or shock undérgoes variations in 
pressure owing to the elasticity of the 
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membrane and the inertia of the weight 
on it. The above arrangement makes if 
possible to record directly the resulting 
variations in pressure. 

During a preliminary series of obser- 
vations, four sets of A and B boxes were 
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used. Two A boxes were placed on the 
joint sleepers of a joint fitted with che- 
vron fish plates : the other two on joint 
sleepers of a neighbouring joint with Midi 
pattern fish plates. The four corre- 
sponding B boxes were arranged side by 
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Fig. 2 


Eaplanation of French terms : Eclisse-pont = Bridge type 


side against the recording drum so that 
the records were drawn down in paral- 


Fig. 3. 


fish plate. — Eclisses chevron = Chevron type fish plate. 


lel. The records given during the pass- 
age of a train by one set of A and B 
boxes is reproduced in figure 2. The 
two joints under observation were 22 m. 
(72 feet) apart, the joints with the bridge 
type fish plates being the first to be run 


‘over. The two sets of records are out 


of line one with the other. On the fig- 
ure an arrow indicates the direction of 
travel, thereby making it possible to 
compare the effects produced at the two 
types of joint by the passage over them 
of the same wheel. It will be noticed 
that the shocks recorded are grouped 
together in sets of four; the first two 
shocks are produced in a group by the 
passage of the last bogie of a vehicle, the 
last two by the passage of the first bogie 
of the following vehicle. Whereas the 
displacements occurring whilst passing 
over joints with bridge type fish plates 
are very marked, the displacements at 
the chevron joints are hardly legible. In 
order to make sure that the differences 
were indeed due to the fish plates and 
not to other causes, the chevron fish 
plates and the bridge type fish plates 
were changed over, the packing of the 
sleepers being left untouched : 
ther records obtained in every way con- 


firmed those of the first series. 
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In a second group of observations, a 
box A was fastened directly to the axle 
of a carriage, the box B and the record- 
ing drum being carried inside the carri- 
age (figs. 3 and 4). The displacements 
of the lever were recorded throughout 
the whole of a 5-km. (3 miles) run at an 
average speed of 80 km. (50 miles) an 
hour, the run including the 1-km. (1 017 


' yards) test section mentioned above. 


Figure 5 is a reproduction of the records 
obtained when running over joints with 


chevron 


the Midi pattern bridge fish plates, and 
-also when running over the chevron 
fish-plated joints. On the section fitted 
with chevron fish plates, the position of 
the joints cannot be distinguished : on 
the contrary, the vibrations recorded are 
rather more marked than on the trial 
section between two joints. This last 
result would appear to be attributable to 
the track being in an indifferent state 
of maintenance: it is practically inde- 
pendent of the type of fish plate. 


Go 


Il. — Measurement of resistance. 


The electric conductibility of the 
joints tested was carefully measured by 
means of the Ferrié-Lebaupin § instru- 
ment. 

The Ferrié-Lebaupin instrument in- 
cludes essentially 2 independent milli- 
voltmeters placed behind the same 
frame, in such way that their needles, 
whilst coinciding when there is no 
current passing through the windings, 
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Fig. 6. 


turn in opposite directions and cross 
when a measurement is taken (fig. 6). 
Every point M of the scale corresponds 
in this way to a well determined value 
of the ratio of the intensities of cur- 
rent flowing in the millivoltmeters : in 
order to ascertain this value quickly, 
all that is necessary is to have taken care 


to trace beforehand on the scale some 


a. : 
curves of the — = constant family, re- 
of! 


cording for each the value of the con- 
stant. When using the instrument to 
measure the conductibility of the fish 
plated joints, one of the millivoltmeters 
is connected to A and B on opposite sides 
of the joint to be measured and the other 
between two points C and D on the rail, 
and a suitable current caused to flow 
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(fig. 7). In practice A B is made equal 
to C D and both equal to 1 metre (3 ft. 
3 3/8 in); the apparatus having been set 
to give by direct reading the value of 
the ratio : 


resistance AA’ + resistance of the joint itself + resistance BB’ 


resistance CD 


we get directly the resistance of the joint 
itself expressed in terms of metres of rail 
_ Increased by one. 

On the test section with the chevron 
fish plates, measurements of the elec- 
trical resistance of the joints were taken 
at different times with the Ferrié-Lebau- 
- pin instrument. The results were as fol- 
lows : 


1. In March 1927 after a month in ser- 
vice : 

76 joints shewed a resistance equal 
to or less than 1 metre; 

3 joints shewed a resistance be- 
tween 1 and 2 metres; 

1 joints shewed a resistance of 
3.5 metres; 
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2. In June 1927 after four month’s ser- 
vice : 
33 joints shewed a resistance equal 
to or less than 1 metre; 
24 joints shewed a resistance be- 
tween 1 and 2 metres; 
11 joints shewed a resistance be- 
tween 2 and 3 metres; 
3 joints shewed a resistance be- 
tween 3 and 4 metres; 
1 joint shewed a resistance equal 
to 5 metres; 
8 joints shewed a resistance higher 
than 10 metres. 
3. in September 1927 after seven 
month’s service ; ; 
52 joints shewed a Fedietnace equal 
to or less than 1 metre; 


10 joints shewed a resistance be- 
tween 1 and 2 metres; 

1 joint shewed a resistance equal 
to 3 metres; 

3 joints shewed a resistance be- 
tween 3 and 4 metres; 

1 joint shewed a resistance equal 
to 5 metres; 

3 joints shewed a resistance be- 
tween 5 and 6 metres; 

10 joints shewed a resistance above 
10 metres. 


4. In december 1927 after eleven 


month’s service : 


66 joints shewed a resistance equal 
to or less than 1 metre; 

9 joints shewed a resistance be- 
tween 1 and 2 metres; 

2 joints shewed a resistance be- 
tween 2 and 3 metres; 

1 joint shewed a resistance equal 
to 5 metres; 

1 joint shewed a resistance equal 
to 6 metres; 

1 joint shewed a resistance above 
10 metres. 


There was no correspondance between 
the joints admittedly unsatisfactory; the 
number varied from one series of mea- 
surements to another, and it was quite 
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exceptional for a joint to be found de- 
fective twice. The excessive resistances 
appeared to be due to some bolts having 
slacked back a little: in every case it 
was only necessary to pull them up with 
a spanner to make the conductibility of 
the joint almost perfect. 

Fundamentally, these imperfections 
should be taken as being, instead of a 
cause for uneasiness, a further confirm- 
ation of the characteristic features of 
the chevron fish plate. Obviously it 
must be admitted that periodic inspec- 
tion is necessary, but this work cannot 
be considered as being additional, as for 
many years it has been found desirable 
to do it, no matter what the type of fish 
plate used. 

We did not stop at this point however; 
as the nuts used did not give sufficient 
guarantee against slacking back, experi- 
ments were made with various designs 
and resulted in the adoption for future 
use of a spring check nut, particulars of 
which are given below, which, so far as 
can be judged from the tests made, will 
give quite satisfactory results. 

“The check nut, in steel, 6 mm. (15/64 
inch) thick only has a radial slot, 1.5 mm. 
(1/16 inch) wide cut in it: the inside 
diameter of the thread is very slightly 
less than the diameter of the bolt : the 
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Fig. 9. 


Explanation of French terms in figures 8 and 9 


Carré = sauare. — Portée = bearing. 
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check nut therefore exerts sufficient 
pressure on the thread of the bolt, taking 
its inertia into account, to be held im- 
movably in position in spite of any vi- 
brations set up by the passage of rolling 
loads. Any slacking back of the nut 
held between the fish plate and the check 
nut is consequently avoided. A much 
worn joint in the outgoing line used by 
locomotives from No. 1 Shed at Bordeaux- 
Saint-Jean was fitted six months ago 
with chevron fish plates with bolts hav- 
ing spring check nuts : the electrical re- 
sistance of this joint taken on several 
occasions was always less than that of 
2m. (6 ft. 6 3/4 in.) of rail. 

In view of these results, the Midi Com- 
pany has decided to extend the use of 
these chevron fish plates to all lines on 
the system where rails have to be re- 
newed. This decision applies to about 
100 km. (62 miles) of single track. Fig- 
ure 9 shews the final pattern of chevron 
fish plate adopted. — 


We have every confidence that wien 
this programme is completed, it will 
afford a thorough confirmation of the 
advantages demonstrated by the first 
tests, the value of which cannot escape 
the notice of those engineers who are 
devoting their energies to the improve- 
ment of rails-joints. As a simple indi- 
cation, the economy that can be realised 
by using chevron fish plates on electri- 
fied lines may be valued at 45 francs 


per single joint, that is to say, for aline . 


laid with 22 m. (72 ft. 2 in.) rails, at 
4 francs per linear metre : 45 francs may 
be taken as the cost of material and 
labour of the copper bonds which are 
essential when ordinary fish plates are 
used but become unnecessary when che- 
vron fish plates are employed : it should 
be noted that the saving due to the dif- 
ference in cost of the fish plates has not 
been taken into account, although the 
cost is largely in favour of the chevron 
fish plate. 7 
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String lining of curves made easy, 
By Cuartes H. BARTLETT. 


Fig. 1, p. 70. 


(From Railhoay Engineering and Maintenance.) 


It is a well known fact that all railroad 
curves are made up of circular curves 
and easements or spirals. The circular 
curves are staked out: by engineers be- 
fore the track is built, while the ease- 
ments are more usually installed after 
the curve is laid. The above statement 
is especially true of curves which were 
laid out many years ago, when the use of 
an easement curve was considered an 
unnecessary refinement of engineering. 
It is an equally well known fact that no 
curve, no matter how well it may be bal- 
lasted or how carefully it may be main- 
tained, will remain as it was originally 
staked out. This change, due to many 
different forces (such as temperature 
changes, continual pounding by passing 
trains, shifting of the roadbed, etc.), pro- 
duces what are known as « sharp » and 
« flat » spots in the original curve. By 
a sharp spot is meant a portion of the 
curve whose curvature is greater or 
« sharper » than that of neighboring por- 
tions of the curve, or, less commonly, 
than the curvature as first staked out. 


_ Similarly, a flat spot is one whose curva- 


ture is less than that of the adjacent por- 
tions of the same curve. It is obvious, 
that such a condition is not desirable, 


and equally obvious that the sooner it is 


corrected, the less discomfort will be 
caused to passengers and the safer the 
track will be for all trains, passenger and 
freight. It is the purpose of string lin- 
ing to correct the defects of alinement 


and to give to the curve that uniformity | 
which insures both good riding qualities 
and safety, restoring the curve to its ori- 
ginal shape or nearly so. 

Although string lining, in one form or 
another, has been in use on some of the 
railroads of the U. S. A. for many years, 
its use has not been wide-spread and 
many roads have preferred to leave the 
work of realining curves to the engin- 
eering department, or else entirely to the 
track foremen, each of whom has had his 
individual way of accomplishing the 
work. 

This practice has resulted in a condi- 
tion found on almost every road in the 
country, whereby on one section all 
curves will be well lined and properly 
elevated, while on the next section they 
will be just the opposite — the reason, 
of course, being the difference, in the 
ability of the two section foremen to 
line their curves. Such a condition could 
be remedied quite easily if a standard 
procedure for curve lining could be 
adopted. Naturally it follows that any 
system adopted as standard must be easi- 
ly learned and easily remembered by all 
foremen and supervisors; and, moreover, 
that such a system must reduce to a mi- 
nimum not only the time required for 
calculations, but also the effect of judg- 
ment or experience. In other words, it 
must be nearly « mechanical » in its ap- 
plication. It is claimed for the system 
described in this article that it possesses 
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to a high degree all these qualifications. 
The proof will, of course, rest in the ap- 
plication of the principles of actual con- 
ditions. 

It should be pointed out at this place 
that this system is not that commonly 
known as « cording a curve ». The latter 
method consists of measuring the middle 
ordinates to a curve from a cord stretch- 
ed between points on the curve, averag- 
ing what appears to be the predominat- 
ing ordinate, and then throwing the 
track, by means of lining bars or similar 
devices, back and forth until it is appro- 
ximately uniform. While this method 
will undoubtedly work, after a fashion, 
any foreman who has ever tried it knows 
that he will have to go over the curve 
several times before a satisfactory result 
can be obtained, and the labor required 
and the time involved must surely have 
struck him as so much wasted effort. 
Such a man will readily concede that if 
the proper throw could be made the first 
time much needless work would be sav- 
ed. The proposed method points out 
exactly what correction is needed at each 
point in order to make a true curve. 

Another point which should be em- 
phasized here is that no, elaborate equip- 
ment is necessary. No piano wire and 
no delicate measuring instruments are 
required. All that is needed is a good 
stout piece of cord, similar to that used 
by bricklayers or masons, and an ordin- 
ary ruler whose divisions start at the 
end of the rule in order to allow it to 
be placed against the gage line of the 
high rail. Moreover, there are no com- 
plicated mathematical expressions to use, 
as the process consists in the addition 
and subtraction of small numbers re- 

presenting the middle ordinates as meas- 
ured. Frequent checks on the work can 
be made, so that if a mistake is made it 
will be detected quickly, before the work 
has gone too far. 
_ Finally, the system works. This has 
been demonstrated in actual practice by 
re-alining nearly a thousand curves by 


its use. And it works, not only from the 
standpoint of the maintenance man, by 
giving him better track in less time and 
with less- expenditure of labor and mo- 
ney, but also from the standpoint of the 
engineer, inasmuch as by its use can be 
determined all the properties of a curve 
which can be ascertained by using an 
instrument. That is, the central angle 
between tangents, the central angles of 
all spirals, the points of spiral, points of 
curve, degree of curvature, rate of change 
of curvature of spiral, etc. — all can be 
computed readily and easily within sa- 
tisfactory limits of error. When to this 
fact are added the many other advant- 
ages —— such as the fact that the system 
is from five to ten times as rapid as tran- 
sit lining, the engineer as well as the 
foreman will realize that it will pay him 
to investigate the possibilities of this 
method of string lining. 


The method is rapid 


The time required to master the fun- 
damental principles of the entire method 
varies from two or three hours to about 
eight or nine hours. One day’s working 
time has always been found sufficient to 
enable a new man to obtain a thorough 
understanding of all the rules and ne- 
cessary operations. 

The various operations in setting 
stakes for a curve, such as taking the 
original data, figuring the curve, and set-_ 
ting the stakes, have all been carefully 
timed. It takes, on an average, about 
1/4 minute per station to take the ori- 
ginal ordinates of a curve. This in an 
average figure, and takes into account 
delays due to waiting for trains to pass, 
walking between stations, rechecking 
any doubtful ordinates, and finding the 
point of ending and beginning of the 
curve. 

It takes, on an average, about 1 1/2 
minutes to distribute stakes at each 
string lining station (from the original 
bundles), drive an iron pin into rock 
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ballast, shake the pin to make a good 
hole, drive a wooden stake, and set the 
tack in the stake. In cinder ballast the 
average time per stake set in the field is 
about 1 to 1 1/4 minutes, depending upon 
the firmness and density of the ballast. 
This makes the total time required to 
perform all the field operations in lining 
a-curve equal to about 1 3/4 minutes per 
stake in rock ballast, and 1 1/4 to 1 1/2 
minutes per stake in cinder ballast. 


Several trials are required. 


It is obvious that in attempting to line 
a curve which is badly out of shape, se- 
veral trials will be required before the 
best curve can be found. If a foreman 
and his gang of men set out to reline a 
curve by eye only, several attempts will 
be required before a satisfactory curve 
can be obtained; and the same is true of 
the computations required by the propos- 
ed system, the only difference being that 
instead of the actual track on the curve 
being changed, only the figures repres- 
enting the curve are changed. It has 
been found, consequently, that an ordin- 
ary school slate, ruled into columns, fur- 
nishes the easiest and most satisfactory 
way of making the changes required, 
inasmuch as it requires more time to 
make erasures from a sheet of paper. 
The length of time required to make the 
computations on the slate will, of course, 
depend upon the individual and upon 
the number of curves he has lined. 
Curves requiring no more than a foot 
throw either in or oul, can ordinarily be 
lined upon a slate at the rate of from 
1 to 2 stations a minute. The author has 
lined (on the slate) curves of 86 to 90 
rails in 20 and 30 minutes time, whereas 
some harder and shorter curves which 
were badly out of line have taken as 
much as three or four hours, in order 
to obtain a curve which would not throw 
beyond a certain fixed limit. The figure 
of 1 to 2 stations a minute includes the 
entire time required to line the curve on 


the slate, from the time of starting until 
the curve is fully lined; it includes mak- 
ing all changes, erasures, etc. 

Thus, according to the above aver age 
figures, a curve in rock ballast, a mile 
long, would require about seven hours 
to re-line, from the time of starting in 
to get the original data until the last 
stake was set. As a matter of record, 
several curves a mile long have been 
lined by this method at the rate of six 
hours per mile. All of these curves were 
compound curves (before lining), and 
were spiraled. In relining them by the 
string system, proper spirals were plac- 
ed at each end and between the branches 
of the compounds. The author’s exper- 
ience in lining curves with a transit has 
led him to believe that the time it would 
require to line a compound curve (with 
two branches), spiral both ends and in- 
sert a spiral between the branches of the 
compound, and drive a stake every 
33 feet in rock ballast, would be any- 
where from three to five working days 
of eight hours each. On such a curve 
(a mile long), the intersection angie 
could not be run, in all probability, and 
the matter of lining an entire mile with- 
out «running off the embankment » would 
be quite a problem. 

In addition to the fact that a curve can 
be figured and the stakes set much more 
quickly by the string lining method than 
by the transit method, there are other 
advantages which make for a consider- 
able saving in time. For example, pass- 
ing trains and motor cars do not cause 
any serious loss of time. With an in- 
strument, every time a train or motor 
car goes by, a new set-up must be made, 
which takes from three to eight or ten 
minutes, depending upon how far the 
flagman has to go for a second backsight. 
With the string lining method, the only 
time lost is that which it takes the train 
or motor car to pass the working point. 
This is an advantage of considerable 
weight on heavy traffic lines. 
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String lining is cheaper than transit 
lining because of the time saved, because 
fewer mistakes are made, because a bet- 
ter curve is obtained, and because the 
throws are kept toa minimum. In tran- 
sit lining, a party must necessarily con- 
sist of an instrumentman, a rodman and 
a chainman. The combined salaries of 
these men will equal about two to three 
times that of a chainman and two sec- 
tion laborers for the same length of 
time. Adding to this fact the saving in 
time effected, we have, considering 
string lining as say four times as rapid 
as transit lining, the cost in engineering 
labor to use the string method as appro- 
ximately one-eighth of that with the tran- 
sit method. These figures, if anything, 
are conservative. The actual saving will 
Tun as high as 9/10 in most cases. Not 
only are the salaries of the instrument- 
_MmMan and rodman saved on each curve, 
but these two men are then available for 
other work in the engineering depart- 
ment. : 


Facilitates compounding. 


Further, string lining permits com- 
pounding a revised curve slightly for a 
given distance, usually quite short, in 
such a manner that the saving in throw 
effected is marked. This is a valuable 
property for the maintenance man, since 
it enables him to install a smooth-riding 
curve with a minimum of throw, and con- 
sequently, with a minimum of time and 
labor. The time of a section gang can 
be cut down by several hours in this way, 
thus realizing a big saving. Suppose that 
at string lining station number 10 of a 
curve, we change a revised ordinate by 1 
(tenth of an inch) in order to decrease 
the throws, then, at the end at some such 
station as 67, say, we have effected a sav- 
ing in throw of twice 67-10 or 114 tenths 
of an inch (11.4 inches); yet we have 
compounded the curve only 5 1/4 mi- 
nutes and for a length of only one rail. 
It would never have occurred to an in- 


strumentman with a transit to make such 
a compound, and he would have carried 
his curve through to the end, with the 
consequent big throws. String lining, 
then, permits of keeping the track close 
on the old bed (a big advantage) and 
yet obtaining a smooth-riding curve. 

By making it easier for the trackman 
to line his curve (by placing the stakes 
every 33 feet instead of every 50 or 
100 feet), we avoid the small sharp and 
flat spots which creep in because of the 
fact that a foreman has to line between 
the 100 feet transit stakes by his eye. 
We accordingly prevent the curve from 
getting so quickly into bad line once 
more, and thus effect another saving in 
maintenance cost. 


Work can be inspected in advance. 


Since a record of the throws required 
at each joint or string lining station to 
line a curve into a new and better shape 
is obtained from the slate or calculation 
paper, the operator has a record, in 
black and white, of how much he pro- 
poses to throw the curve. He can take 
this record to the roadmaster or assist- 
ant engineer, as the case may be, to look 
over at his leisure ‘and inspect the chan- 
ges necessary. 

If the work were to be done with a 
transit, the instrumentman would first 
have to set spikes or stakes, and then go 
to every transit station and measure the 
throw, if such a record were to be given 
his superior officers before the curve 
was actually lined in the field. The ad- 
vantage of having such a record as string 
lining gives is readily understood by 
anyone who handles such matters on a 
railroad. The size of the gang required 
to do the work of lining, the approxi- 
mate amount of time required to do the 
work, and all other arrangements or in- 
formation relative to the task of re-alin- 
ing the curve are known and determined 
before a start is made. 

String lining permits of so compound-— 
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ing a curve (if necessary, of course) that 
the throws at or near a permanent track 
structure can be made either zero or ne- 
gligible. This also is a means of avoid- 
ing a great deal of unnecessary work 
and of saving time and expense. Such 
small throws as are required can be 
made upon the slate, so that the entire 
amount of shifting of such obstacles can 
be seen by the man in charge of moving 
them before the curve is lined. To do 
this with a transit would require a great 
deal of time and the running in of many 
trial curves before a final curve is se- 
lected. : 

The equipment necessary to do string 
lining is much simpler and much cheap- 
er than that required with a transit. In 


-addition to this, it is easier to carry 


around, no care need be felt for its sa- 
fety or adjustment; and, finally, expen- 
Sive errors in instrument work done by 
more or less inexperienced men are en- 
‘tirely avoided. 


Summary. 


The principal advantages of string lin- 
ing, then, are as follows : 

1. It is much cheaper than any other 
method. 


2. It is much quicker than any other 


method. 


3. It is much easier than any other 


“method. 


4. It is easily learned, easily remem- 
‘bered, and easy to use. 
5. Errors are readily detected by se- 


-yeral checks on the work. 


6. Throws can be governed almost at 
will. recat 

7. Spirals are no longer an « afflic- 
tion » to install, but are so easy and help 
to decrease the throws required to line 
a curve by so great an amount that their 


installation becomes easy and automatic. 


8. A record of proposed changes or 


- throws is obtained and is ready for in- 
 -spection before any work is done. 


9. It lowers maintenance costs. 


10. It permits of relining curves an- 
nually at small expense of time and 
labor. 

11. It gives a more Satisfactory curve. 

12. No expensive or easily breakable 
equipment is required. 

13. Less men are needed to do 
work of figuring the curve. 


the 


Now, let us assume that it has been 
decided to change an actual curve in cer- 
tain ways so as to rectify any errors of 
curvature that may exist, such as sharp 
and flat spots. In the following discus- 
sion, no mathematical analysis is given 
for any of the principles stated, except 
the simple geometrical proof for the 
theorem, regarding the throwing of a 
joint or station, although complete and 
satisfactory proof can be given mathe- 
matically. for all of the rules given. 


Sum of ordinates must remain constant. 


The first principle of string-lining is 
that the sum of the ordinates of a curve 
must remain constant throughout any 
series of operations designed to correct 
the alinement of that curve. Jn other 
words, if a curve is measured and the 
ordinates taken in the field total 656 
tenths (or eighths, quarters or any other 
units) of an inch, the total 656 must re- 
main the same for any revised curve. 
It can be proved that this total repres- 
ents the actual angle between the two 
tangents or pieces of straight track at 
each end of the curve; and inasmuch as 
it is obvious that the angle between the 
straight tracks cannot be changed, the 
total of the measured ordinates must not 
be changed. 

The second principle is that the sum 
of the errors between the figures for the 
original curve and the figures for the 
revised curve must equal zero, the error 
at any station being defined as the dif- 
ference between the original ordinate 
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and any revised ordinate selected by the 
man lining the curve. It is, briefly, the 
original ordinate less the revised. Sup- 
pose that at some station of a curve the 
ordinate measured in the field is 48 
eighths of an inch, or 6 inches. If it 
is desired to change this ordinate when 
re-lining the curve, to some such figure 
as. 41 eighths of an inch (or 5 1/8 inches) 
the error at that station will be 48 less 
41 or 7 eighths of an inch. If the revis- 
ed ordinate is larger than the original, 
the difference or error is termed nega- 
tive and a minus sign placed in front of 
it. For example, if the revised ordinate 
in the above case happened to be 53 in- 
stead of 41, the error would be 48 less 
53 or minus 5 eighths of aninch. In view 
of the above explanation, it will be clear 
to the reader that, if the total of the re- 
vised ordinates must equal the total of 
the original ordinates, the total differ- 
ence between the two must be zero, the 


total difference being merely the sum of 
the separate differences or errors at 
each station. In other words, the sec- 
ond principle is practically the same as 
the first, but is merely a more convenient 
way of expressing it. 


Effect of throw on adjacent stations. 


The third principle is very important, 
and should be thoroughly understood be- 
fore the reader attempts to line any 
curve. It is as follows : 


Rule: If one joint (or station) of a 
curve is moved in or out a certain dis- 
tance (which distance is called the 
throw), the middle ordinates at the sta- 
tions on each side of the one moved will 
be changed by half the amount of the 
throw, and in the direction opposite to 
the throw. 

The above rule is best explained by a 
diagram. Let the reader refer to figure 1. 


Fig. 1. — The effect of throw on adjacent stations. 


in which is shown a portion of a circu- 
lar curve ABC, whose chord is AC and 
middle ordinate MB. The arc ABC can 
be taken, if desired, as the length of two 
rails of the high side of a curve, with AB 
as one rail and BC as the other, with the 
joint at B. Jt is plain, therefore, that as 
a practical matter, the rail BC can be 
moved without disturbing the rail AB: 
Therefore, consider that the joint (or 
station) C is moved or thrown out — 
that is, away from the center of the 
curve — to the point D, so that the 
rail BC now occupies the position BD. 
The new chord (or line representing the 
position of the string) is now the line 
AD, and the new middle ordinate is BE. 
In actual practice, the length BE is so 
closely equal to MB (the original middle 


ordinate) less MF that the difference is 
negligible. But MF, from geometry, is 
almost exactly one-half of CD, the 
amount of throw. This is because in the 
triangle ACD, M is the middle point of 
AC, and therefore AM is one-half of AC, 
so that MF is one-half of CD. Therefore, 
BE equals MB less MF;-or, in words, the 
ordinate after throwing equals the or- 
dinate before throwing, less one-half of 
the throw. In the same way, it can be 
shown that the joint (or station) the 
other side of C (on the right) is similar-: 
ly affected. Hence, an out throw at any 
joint increases the ordinate at the joint 
by the full amount (CD in the diagram) 
and decreases the ordinates at each of 
the joints on the two adjoining sides by 
one-half the amount of the throw. Con- 
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versely, if the throw is in, the ordinate 
at the station thrown is decreased by the 
full amount of the throw, and the ordi- 
nates at the stations on each side are in- 
creased by one-half the amount of the 
throw. 

From the above demonstration it is 
seen that the operation so described con- 
sists in the addition or subtraction from 
the measured middle ordinate at a sta- 
tion of certain quantity, known as the 
throw, and in the subtraction or addi- 
tion of half that amount-to the ordinates 
at the two stations on either side of the 
one thrown. 


A simple example. 


For example, suppose that at any 
three consecutive stations or joints of a 
curve we have the following three ordi- 
nates ; 


18 24 18 


These indicate a typical sharp spot, 
which of course, it is desired to elimi- 
nate by making all three as nearly equal 
as possible, and thus making a uniform 
curvature. We can « throw » the middle 
joint in by subtracting a certain amount 
and adding half as much to the two fig- 
ures 18 on each side. Note : It is obvi- 
ous that the 24 must be reduced and the 
two 18’s increased, so that all three can 
be made equal. 

We can subtract 4 from 24, which will 
add 2 to both figures 18. We then have: 


18 24 18 
+2 = +2 
20 20 20 


Thus, we have equalized ail three or- 
dinates and made this section of the 
curve a true circle, which is one of the 
purposes of string-lining. 

The process of lining a curve (on a 


slate or a sheet of paper) consists in re- 
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pealing the above operation at every sta- 
tion, with certain obvious modifications. 
It is logical to conclude that from the 
simplicity of the above operation there 
must be some definite relation between 
error and correction; and, in fact, such 
is the case. However, it is not our pur- 
pose to give here a detailed mathematic- 
al analysis, but simply a set of working 
rules for the performance of the mechan- 
ical operations of string-lining. 

In connection with the above rule, it 
should be noted that the throws at the 
first and last stations of a curve must be 
zero. If the first or last stations are 
thrown, the resulting half-throws will be 
imparted to the tangent or straight track, 
throwing it out of alinement. For ex- 
ample, if the first station of a curve has 
an ordinate of 0, and we throw the 
track 2 (units of any kind) out, the 
straight track at the left of the 0 will 
have a half-throw of -1, which will put a 
small kink in it. Consequently, we must 
correct the first station by throwing the 
second, making the throw such that the 
half-throw at the first station will cor- 
rect it. 


Relation between error and throw. 


If, at each station, we add all the er- 
rors to and including that station and 
write them down opposite their station 
numbers, we obtain a column which we 
can call the Sum of Errors. If now we 
obtain the sum of all of these from the 
first station to any given station, and 
write that sum opposite the following 
station, we obtain the half-throw requir- 
ed at that following station. 

Let us suppose a curve having 53 sta- 
tions, opposite each of which is written 
an actual and a revised ordinate, in two 
columns, and in the third column the 
differences, or errors, between the ac- 
tual and the revised ordinate at each sta- 
tion. Let us now put down opposite the 
first station the error at that station; op- 
posite the second station, the sum of the 
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first and the second errors; opposite 
the third station, the sum of the first 
three errors; and so on, until at sta- 
tion 538, we have the sum of the errors 
for the entire curve, which must, of 
course, equal zero. The addition of the 
errors is algebraic; that is, due regard 
is taken of the sign of the error. For 
example, if the first error is (5), the sec- 
ond (-3), and third (-6), the sums of the 
errors at the first three stations are, in 
order. (5) (>) S38) =i @) 5 ears (O) 
+ (-3)+(-6) = (-4). It is, of course, not 
necessary to add all the errors every 
time, since the sum at any slation is ob- 
tained directly by adding to the sum of 
the errors at the previous station, the 
error at the station. For example, the 
“above would be obtained actually as 5; 
5-3= (2); 2-6=(-4), etc., etc. 

Having obtained the column headed 
« Sum of errors », we next add this co- 
lumn to and including each station and 
bring the total into the next column un- 
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der the following station. To illustrate 
(remembering that the throw at the first 
station is zero), we have for the above 
figures, the following half throws : 


First)stationl: eae 0 
Second station .... 0-5 = S65 
Third’ station 2 ase oo ee aa Say S| 


Fourth station 0+-5+-24—> +3 

Once again, it is not necessary to add 
the figures from the first station on, 
since the same result is obtained more 
easily by adding to the sum previously 
obtained the adjacent figure in the next 
row. Example: 


Hirst station.) eee ee 0 
Seconds statto tere 03-5= 455 
Third = stationge sss ca eee 5+2— +7 
Fourth stattone.. sae ae 4s 


A résumé of the above operations may 
make the process clearer. Consider the. 
following hypothetical curve : 


eee Actual Revised 
Station original ordinate Sums Half 
or joint ordinate for Error. 

4 in tenths of |. re-alined errors, throw. 
number, an inéhe curve, 


In the first column are the station 
numbers. 

In the second column are the middle 
ordinates of the actual curve, measured 
in the field. 

In the third column are the revised 
ordinates selected for the curve. 

In the fourth column are the errors, e, 
obtained as explained above. For in- 
stance, at station 3, 7—4=3; at station 5, 
4 §=— 4: etc. 

In the fifth column are the sums of 


+eurree 
POUNNDOANH 


0 
+1 
+3 
+8 
+10 
+8 
+ § 
+ 4 


‘the errors to and including each station. 


These are obtained by writing down the 
error at the first station, and then at 
each station thereafter writing down the 
sum of the preceding figure and the fig- 


ure on the next line in the column head- | 
Thus writing down 1 in © 


ed « Error ». 
the first station, we next add 1 and the 
1 shown on line 2 as error at station 2. 
This makes 2. To this 2, we add the 3 
on the next line below, in the error co- 
lumn, ane a total of 5. 


ae 


ea 


In the sixth column are the halt- 
throws. To obtain these we add hori- 
zontally instead of diagonally downward 
as we previously did to obtain the sum 
of the errors. Thus, 0 + 1 = 1, at sta- 
tion 2; 1 plus the 2 at station 2, is carried 
as 3 and written under station 3; 3 plus 
the 5, at station 3, is written as 8 at sta- 
lion 4, ete. The arrows indicate the di- 
rection of the additions and the position 
of the results. 

In this way a final half-throw is ob- 
tained at the last station. This half-throw 
must be zero, as we have seen above. 
However, because it is nearly impossible 
to pick the correct ordinates at the first 
trial, this half-throw will not generally 
be zero, and we must make it so. 


Method of making half-throw at last 
station equal to zero. 


It can be shown that the sums of the 
products of the error at each station by 
that station number must be equal to 
zero, which is a condition that the curve 
is lined. That is, if at a given station 
the error (difference between the actual 
and the revised ordinate) is -5, and the 
number of the station is 21, the product 
of these two quantities, is -105. The 
sums of all such products for the entire 
curve must equal zero as a condition 
that the curve is really lined. 

It can likewise be shown that the sum 
of all these products is equal to the half- 
throw at the last station, whether that 
half-throw is zero or not. This: being 
the case, it is immediately evident that 
if the final half-throw is not equal to 
zero, it can be made so by making equal 
to zero the sums of the products above 
referred to. 

If we have a certain curve, of any 
number of stations, and we find that the 
final half-throw is not equal to zero, but 
some such number as, say, 46, let us con- 
sider a way of changing that 46 to zero. 
Let us say that the ordinate at the 


‘é 5th station is 23 on the original curve 


and 25 on the revised curve. 
ference is -2; the product of -2 and the 
station number, 5, is -10. Now let us say 
that the ordinate at some other station, 
as the 37th for instance, is 31 on the ori- 
ginal curve and 26 on the revised curve. 
The error is + 5; + 5 times 37 = + 185. 

If, now, we change the revised ordi- 
nate at station 5 from 25 to 24, and that 
at station 37 from 26 to 27, we have kept 
the total of the ordinates the same, for 
we have subtracted one at station 5 and 
added one at station 37. But what 
effect has this had on the products of 
the error and station number ? The 
error at station 5 is decreased from -2 
to -1, making the product now -5 instead 
of the previous -10; at station 37, the 
error is decreased from + 5 to + 4, mak- 
ing the product now 148, instead of the 
previous 185. Thus, while maintaining 
the total of the ordinates of the revised 
curve the same, we have changed the 
total of the products from the first + 175 
(-10+185) to the second, 143 (148—5); 
that is, we have decreased the final half- 
throw by an amount equal to 175—143, 
or 32. This leaves the final half-throw 
now 14 (46 -32). The same process 
can now be repeated, the only difference 
this time being that the station numbers 
of the ordinates changed must be differ- 
ent. The reader will note that the net 
difference in the sums of the products, 
which amounts to 32, is the difference 
between the station numbers of the re- 
vised ordinates which were changed; 
that is 32 = 37 -5. This will always be 
the case. Consequently, to diminish the 
final half-throw by the remaining 14, we 
have but to choose two stations whose 
numbers differ by 14, and repeat the 
above process, with the assurance that 
the final half-throw will now be zero, 
and the curve will be lined. 

The rule for changing the final half- 
throw to zero can now be announced. 
Téaiss: 

When the final half-throw is positive, 
subtract from the revised ordinates hav- 


The dif- 


fog hy foe 


ing high station numbers and add an 
equal amount to the ordinates having 
low station numbers, choosing stations 
in pairs such that the sum of the differ- 
ences of the station numbers taken in 
pairs equals the numerical amount of the 
final half-throw. When the final half- 
throw is negative, reverse the proce- 
dures, subtracting from the ordinates, 
having low station numbers, and adding 
to those having high station numbers. 


Thus, if we have a curve of 63 sta- 
tions, wherein the final half-throw, ob- 
tained with a trial set of revised ordi- 
nates, is 59, we could add 1 to the revis- 
ed ordinate at station 6 and subtract 1 
from the revised ordinate at station 48, 
thereby making a diffence of 48-6 or 42, 
in the final half-throw. We could then 


. a * “ 
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repeat the process, choosing this time 
stations 8 and 25, whose difference is 17, 
which difference, added to the previous- 
ly obtained 42, makes the total of 59 and 
reduces the final half-throw to 0. 

The reader will note that the only 
condition attached to the above method 
of change is that the sum of the differ- 
ences of the station numbers of the revis- 
ed ordinates changed must equal the 
final half-throw. The operator, there- 
fore, is wholly at liberty to choose the 
stations which he will change. This is 
a valuable property of the system — one 
which cannot be over-emphasized, as its 
understanding enables the operator to 
obtain a much better solution than he 
otherwise would be able to achieve. 
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“Winterthur” type of high pressure locomotive with a boiler 
having a working pressure of 850 Ib. per square inch, 
By J. BUCHLI, 


ENGINEER, 
DIRECTOR OF THE SWISS LOCOMOTIVE AND MACHINE WORKS AT WINTERTHUR, 


Figs. 1 to 24, pp. 77 to 92. 


(Schweizerische Bauzeitung.) 


« Note by the Editor of the Schweize- 
rische Bauzeitung »: In May 1925, we 
published the opinions of Mr. J. Buchli, 
Engineer, Director of the Swiss Locomo- 
tive Works at Winterthur, and, Mr. K. 
Wiesinger, Engineer, Professor at the 
Polytechnic School, on the prospects of 
successful working of a _ locomotive 
using steam at 850 lb. pressure. In his 
proposal, Professor Wiesinger estimated 
the saving of coal at 50 % of that used 
by the most efficient steam locomotive 
in service. Mr. Buchli queried the possi- 
bility of obtaining so great a saving, his 
calculations making the figure about 
25 %. This theoretical disputation, in 
which two assertions confronted one an- 
other, was not followed at the time by 
any result, in spite of Professor Wiesii- 
ger’s wishes. We were of the opinion 
that it was not possible to arrive by this 
method at any definite conclusion, and, 
as by December 1924 Professor Wiesin- 
ger had promised to give us a detailed 
report on this invention as soon as the 
results of the practical tests were avail- 
able, we thought it better, in accordance 
with our customary practice, to await 
the results of these confirmatory tests. 
The period when they should take place, 


furthermore, did not seem too far off, as 
in 1924 the « Rheinische Metallwaren- 
und Maschinenfabrik » of Dusseldorf had 
decided to build an experimental loco- 
motive of 2000 indicated horse power 
to the designs and patents of Professor 
Wiesinger. Unfortunately, this firm, as 
a result of the industrial crisis in Ger- 
many, had to close its locomotive sec- 
tion and abandon the idea of building 
the locomotive in question. At a later 
date, Professor Wiesinger published par- 
ticulars of his invention and his pro- 
posals in an illustrated article in « Gla- 
ser’s Annalen » of 1 March 1927, whereby 
they were brought to the notice of all 
interested circles. 

In the meantime, the Swiss Locomo- 
tive and Machine Works at Wintherthur, 
designed, built and tested a locomotive 
at 850 lb. pressure. In the following ar- 
ticle Mr. Buchli gives particulars of this. 
new type of locomotive with the results 
of tests. : 

Naturally we have no intention — anil 
we should much regret any such infer- 
ence being so drawn from the above 
notes — of personally taking position in. 
the controversy, or of favoring one or 
other’ of the two parties : we have there- 


fore suggested to Professor Wiesinger 
that he also should put before our read- 
ers the essential features of his type of 
locomotive. If in this we depart from 
our usual rule of never giving a detailed 
description of new designs until after 
they have been tried out, the reason is 
to be found in the special circumstances 
of the case, and especially in our desire 
to leave to the reader competent to do 
so the task of judging for himself from 
the information he will have before him, 
if, as Professor Wiesinger thinks, the 
practical results obtained by the Swiss 
Locomotive Works are due to the lines 
of development he indicated. We think 
we shall so provide in a correct man- 
ner, and, above all, in a more satisfac- 
tory form for our readers, a conclusion 
to the dispute suspended in 1925. 


* 


* * 


In recent years, the steam locomotive 
has found itself confronted by two ri- 
vals: the electric locomotive and the 
Diesel locomotive. The electric locomo- 
tive has already made for itself an im- 
portant position in the traction world, 
whereas the Diesel locomotive has not 
yet got beyond its period of evolution, 
although it will undoubtedly in time be- 
come a formidable competitor. Fur- 
thermore, during the war, new locomo- 
tive building works were built more than 
able to meet all demands for steam loco- 
motives, which resulted in the sale price 
of locomotives falling in most cases al- 
most below the cost price. 
reasons, the steam locomotive builder, 
from having for many years controlled 
the market for locomotives, is now oblig- 
ed to direct his efforts into new chan- 
nels. s 
) The Swiss locomotive industry suffer- 
. ed especially through the situation brief- 
ly. described above, as it is also obliged 
to import its raw materials from abroad 
and to pay high rates of wages. In order 


‘ 
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to increase the export trade, a matter of. 


76 — 


vital importance, it is therefore neces- 
sary that, apart from perfect workman- 
ship, it should draw largely on the scien- 
tific knowledge so highly developed in 
Switzerland, so as to produce new. dc- 
signs and perfections which would en- 
able it to find an outlet for its products 
at remunerative prices. It is one of 
these objectives that the Swiss Locomo- 
tive and Machine (S. L. M.) Works is 
following up by the introduction of high 
pressures on steam locomotives. 

In view of the admitted fact that in- 
creased boiler pressure is especially «d- 
vantageous in the case of non-condens- 
ing engines, the S. L. M. directed its 
whole attention to this aspect of the 
question. A high pressure locomotive 
(fig. 1) it has just built has given results 
which lead to hopes of a new evolution 
of the locomotive, as the « Winterthur » 
system has not only confirmed, and in 
fact exceeded, the estimated savings of. 
coal and water, but the locomotive is 
extremely simple as regards handliny. 
and its general layout is such that the 
cost of construction will ultimately, as 
the result of further improvements, be 
brought to the level of an ordinary steam 
locomotive. 

The high pressure « Winterthur » loco-. 
motive already briefly described in the 
columns of this journal (*), is the first to 
use high pressure steam only. The boil- 
er and the engine are designed on new 
principles, entirely different from the 
usual practice. 

Figure 2 shews by curves a and b the 
variation in the thermal efficiency as a 
function of the steam pressure when ex- 
hausting. and when condensing. The 
steam locomotive of the usual type works 
with boiler pressures of 12 to 18 kgr. per. 
em? (170 to 255 lb. per square inch); if — 
the pressure is raised say from 15. to. 
50 kgr. per em? (213 Ib. to 710 Ib. per 


(4) See Schweizerische Bauseitung of the 3 Marek 
1928. 
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square inch), the thermal efficiency in- 
creases from 18 to 24 %, whilst an in- 
crease from 50 to 100 kgr. per cm? (710 
to 1420 lb. per square inch) gives a fur- 
ther improvement of 27 %. The first 
thing therefore the builder has to decide 
is the steam pressure that offers the great- 
est technical .and commercial advant- 
ages. Our investigations have demon- 
strated that this pressure lies between 
50 and 70 kgr. per cm? (710 and 1 000 Ib. 
per square inch). The upper curve of 
figure 2 shews that when condensing and 


| | 


oe eee 


a es 50 109 at 150 
Fig. 2. — Thermal efficiency in relation 
to the pressure. 

EXPLANATION ;: —— Exhausting engine. — - - -- - Condens- 
ing. — i, 4, = Heat of the steam before and after 


expansion. — ?sp = Heat in the feed water. 


with a good vacuum, theoretical savings 
of considerable importance, as compared 
with running non-condensing, can be 
obtained, but the cost of manufacturing 
the locomotive and the large steam con- 
sumption by the auxiliaries form a seri- 
ous obstacle to the commercial use of 


- 


this improvement. Undoubtedly the con- 

densing locomotive has the advantage : 
over all other types that the feed water | 
circulates continuously, and the boiler is 
therefore kept free from scale. But 
where water plays a preponderating role, 
the Diesel will ultimately have to be 
used. 

With the increase in the boiler press- 
ure, the difficulties in the way of build- 
ing the boiler and the engine increase, 
as do those preventing the steam being 
highly superheated, for with piston en- 
gines the temperature can hardly be car- 
ried beyond 400 to 410° C.(750 to 770° F.). 
When the boiler pressure is 150-kgr. per 
cm? (2 130 Ib. per square inch), the tem- 
perature of the water in the _ boiler 
reaches the high figure of 370°C. (700° F.), 
so that for superheating there is only a 
margin of 30 to 40° C. (55 to 70° F.). For 
the « Winterthur » high pressure loco- 
motive a pressure of 60 kgr. per cm? = 
(850 lb. per square inch) has been se- } 
lected. 

The layout of the boiler and the en- 
gine in relation to the frame and run- 
ning gear of the locomotive is shewn in 
figure 3. The boiler is short and high 
so that there is room in front of it for the 
steam engine all parts of which have 
been made accessible and which drives, 
through gearing and connecting rods, the 
six coupled wheels of the locomotive. 
The articulated rods on the jack shaft 
drive the leading coupling rods at their 
centres : at the same time it is essential 
there should be some play where the 
rods surround the leading crankpins. 
Thanks to this arrangement the connect- 
ing rods are very long, so that the de- 
flection of the springs practically speak- 
ing does not affect the smooth running of 
the engine. o* 

The maximum number of revolutions 
of the motor is 700 per minute, which 
corresponds to a piston speed of 8 m. 
(26.25 feet) a second and to a locomotive 
speed of 80 km. (50 miles) an hour. It 
should be noted that at this speed the en- 
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Fig. 5. — Diagram of the « Winterthur » locomotive. — Scale 4 : 150. 
EXPLANATION : 


A = Upper drum. — B = Smoke box, — C = Chimney. — D = Blast pipe. — E = Steam engine. 
F = Jack shaft. — K = Coal. —W = Water. 
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Fig 4. — Diagram of the working cycle. 
EXPLANATION : 
1 = Upper drum. é 19 = Smokebox. 
2 and 3 = Lower drums. 20 = Air preheater. 
4 = Back water wall of the firebox. 21 = Air openings to preheater. 
5 = Front water wall of the firebox. 22 = Air channel. 
6 = Front water wall of the boiler. 23 = Blast pipe. 
7 = Tubes. 24 = Chimney 
§ = Tubular stays. 25 and 26 = Emptying out pipes. 
9 = Firebox. 27 = Stop cock for the auxiliary steam supply. 
10 = Superheater and feed water heater chamber. 28 = Superheater for feed pump. 
li = Grate, 29 = Feed pump. 
12 = Firebrick bottom lining. 30 = Exhaust steam feed water heater. 
13 = Safety valve. 31L = Stop cock, normally open. 
14 = Regulator. 32 = Stop cock, normally shut. 
15 = Superheater. F 33 = Water tank. 


16 = Feed delivery pipe connection. 34 = Water level float. 

17 = Combustion gas feed water heater or econo- | 35 = Steam engine. 
miser. 36 = Exhaust pipe. 

18 = Claek box. 37 = Tank filling hole. 
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gine is very steady. By suitably choos- 
ing the ratio of the gears, the same en- 
gine can be used for different working 
conditions. The engine consequently 
can be designed independently of the 
frame and be tested separately as a sta- 
tionary engine. 

Figure 4 illustrates the working of the 
whole machine. The heaters 30 and 17 
may be noted as a main feature. This 
is the first case-in which the feed water 
before being delivered into the boiler, is 
heated to a temperature approaching 
that of the boiler water. The heater 30 
is heated by part of the exhaust steam 
whereby the feed water temperature is 
raised 80 to 90° C. (475 to 195° F.) ; in the 
economiser or hot combustion gas heater, 
17, the temperature is further raised to 
250° C. (480° F.). After being heated 
to this temperature, the water is fed into 
the boiler where it mixes with the water 
in the boiler, the temperature of which 
is 270° C. (520° F.).. This procedure was 
expected to separate out all solid ele- 
ments in the feed water in the heaters, 
and the service tests have shewn that 
this is what occurs. During the whole of 
the tests, both stationary and running, 
only small quantities of a light soft mud 
have been deposited in the boiler itself, 
and can be easily sludged out: after 
400 hours in service no traces of scale 
were found. All parts of the heaters can 
be cleaned mechanically as will be ex- 
plained later on, so that this system has 
many especial advantages in hard water 
districts. 


The new type of boiler would also be ° 


suitable for the lowest pressures, as well 
as for pressures as high as 100 kgr. per 
em? (1 420 Ib. per square inch). A fur- 


ther point of importance is that the com- . 


bustion gases before leaving the boiler 
are caused to scrub the cooler parts of 
the economiser, and by this means are 
reduced to as low a temperature as pos- 
sible, the remaining heat: being finally 
used to preheat the combustion air. The 
fullest use possible is thereby made of 


the combustion gases; the system has re- 
sulted in the efficiency shewn in figure 5. 

The superheater is fitted between the 
heater 17 and the centre cross water 
wall, that is to say, at a point where its 
weight can be most reduced, and where 
it is most effective. To get an increase 
in steam temperature from 270 to 400 or 
410° C. (520 to 750 or 770° F.) only 20 m2 
(215 square feet) of surface is needed 
when the temperature of the gases is 
800° C. (1500° F.). The vacuum in the 
smokebox is produced directly in the 
normal way by a blast pipe 23 and the 
exhaust steam. 

The functions of the auxiliaries are 
clearly shewn in figure 4 and need not 
be discussed. Two high pressure feed 
pumps deliver the feed water into the 
boiler; for pressures exceeding 35 kgr. 
par cm? (500 lb. per square inch) the 
usual type of injector cannot be used. 
The compressed air pumps and the train 
heating use low pressure steam. A spe- 
cial reducing valve made for this pur- 
pose reduces the pressure to 12 kgr. per 
cm? (170 lb. per square inch). 


Boiler. — Before proceeding with the 
construction of the boiler, the various 
parts, and especially the different assem- 
bled units, were manufactured, and were 
thoroughly tested in every way during 
many months, details being altered as 
necessary until the most rigorous de- 
mands were satisfactorily met. 
sult was that the complete boiler was 
free from even the slightest leaks when 
first tested under a hydraulic pressure of 
100 kgr. per cm? (1 420 Th. per square 
inch). 

As a first principle, the boiler ought to 
satisfy the condition that all its parts be 
so arranged that under the high tempe- 
rature of the water in the boiler, they 
can expand freely without any con- 
straining stresses in the material being 
set up; this is a property that the usual 


locomotive boiler unfortunately does not — ts 


possess, so that it is out of the question 
to use it for very high pressures. 
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S. L. M. therefore abandoned the custom- 
ary method of construction and followed 
absolutely new lines when developing 
the high pressure boiler. 

The principal constituent elements of 
the new boiler (fig. 6) are the large top 
drum 1, the two lower drums 2 and 3, 
the cross water walls 4, 5 and 6, and the 
water tubes 7. The drums in S. M. steel 
are forged in one piece, and in order to 
cheapen the cost are turned eccentrical- 
ly; it is only at the part where the water 
tubes are inserted that the full wall thick- 
ness of 46 and 26 mm. (1 13/16 and 
1 1/32 inches) has been maintained. 
The cross water walls surround the 
drums to which they are electrically 
welded inside and outside. Small diam- 
eter hollow stays hold together the two 
platés of each water wall; a part of the 
tubes being arranged round the drums 
make it possible to use a seam welded 
inside and to lighten the strain on the 
welds themselves by small stiffening 
tubes, as well as to allow the welds to 
be inspected from inside before these 
tubes are inserted (fig. 7). 

The two 11 mm. (7/16 inch) plates of 
the cross water walls are flanged at their 
outer edges, welded together inside and 
out, and reinforced by Hohn strap plates. 
These are the only welded joints on the 
boiler subjected to tension: in all the 
other assemblies, welding has only been 
used to ensure the joints being tight. 
Various parts prepared in accordance 
with the method given above, which 
were tested before the water contain- 
ers were finally assembled 
shewed that the welds could stand press- 
ures of 500 kgr. per cm? (7100 lb. per 
square inch) without cracks or leaks oc- 
curring. As a precautionary measure, 
the elements have also been subjected 
to a steam pressure test of 200 kgr. per 
cm? (2 840 lb. per square inch) followed 
by sudden cooling down with cold wa- 
ter. Even after this very searching test, 
there were no defects. It should be not- 
ed, in addition, that the welds subjected 
to tension mentioned above are not sub- 


together,. 


jected to radiations from the fire nor 
scrubbed by the combustion gases, so 
that there is no reason for any anxiety 
as regards safety. The distribution ot 
the tubular stays over the remaining part 
of the transverse water walls has to be 
decided in accordance with the press- 
ure of the boiler. These small tubes are 
screwed into the walls, then expanded, 
and protected by a special method of 
welding against leaking. The sides of 
the firebox and of the superheater cham- 
ber are composed of tubes known as va- 
porisers in the form of an inverted U and 
reduced in size for a length of 250 mm. 
(10 inches) at their lower ends so as to 
make it easier to renew them. The ends 
(fig. 8) are cut out of the solid, are fitted 
with inspection caps, are fastened to 
the tubes by screwed connections and 
made tight by welding. The caps them- 
selves are fitted with special joints 
which have given good results. The 
space between the vaporising tubes is 
5mm. (0.197 inch) filled in by fusible 
glass and asbestos. 

Experience has shewn that the natural 
circulation of the water indicated by the 
arrows in figure 6 is very active, and 
entirely in agreement with the prelimi- 
nary tests made with a small scale model 
in glass, identical in design as regards 
principle. 

Figure 9 represents the finished boiler 
without its lagging : its robust construc- 
tion will be noticed, also the inspection 
and wash-out plugs on the cross water 
walls, and, in the back water wall, the 
fire-hole opening. Figure 10 shews the 
construction of the front. water wall; it 
has a large opening through which the 
superheater and economiser are got into 
place. It also carries on the outside a 
frame of flat bars by which the smoke 
box, in heavy plate, is connected to the 
boiler. The smoke box and the front 
cross water wall are rigidly connected 
with the frame of the locomotive, whilst 
the back water wall is carried on rollers 
so that the boiler can freely expand back- 
wards, : 
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Figures 11 and 12 shew the super- 
heater and combustion gas feed water 
heater or economiser. The drawn tubes 


Fig_ 8. 


Part of a tube element. 


fitted with screwed plugs readily re- 
moved to allow the tubes to be cleaned 
mechanically. Tightness is secured by 
special joints which can be used again 
several times when the nuts are removed. 
A small air or steam. operated mechanic- 
al tube cleaner is used to clean both 
straight and bent tubes so that all scale 
can be quickly removed. The ordinary 
washing out of the heater is done by 
introducing water under pressure into 
the nest of tubes, the upper bent tubes 
of the economiser having been removed 
beforehand. 


ise 
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Steam engine. —— The selection of the 
most suitable engine for this type of lo- 
comotive presents manv difficulties. As 
we considered that the use of condensing 
did not lend itself to the traction condi- 


are of S. M. steel; they are 5 and 4 mm. 
(0.197 and 0.157 inch) thick. The back 
ends of the feed water heater tubes are 


Fig. 11. 


Superheater. 


tions of railways, the turbine did not 
come into consideration. In a general 
way, this kind of locomotive does not 
respond to great fluctuations of tractive 
power. The lack of Success of the tur- 
bine locomotive in practice so far must 
be ascribed to this reason: tests are 
being made to improve the power curve 
by using different gear ratios, but every 
improvement so obtained is reflected in 
increased production costs. In accord- 
ance with the principle that in locomo- 
tive practice only simple construction 
survives in the long run, we selected 
after very thorough examination of all 
the solutions possible, a uniflow three- 
cylinder, high speed, doubie acting en- 
gine, the whole of which (fig.‘13) can 
be attached to the frame in a very flexible 
manner. The choice of this type of en- 
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Side and back view of the boiler. 


Fig. 9 


Fig 10. — Front view of the boiler. 


Fig. 14. — Longitudinal section through the steam engine. — Scale 1 : 20. 


EXPLANATION ;: 1 = Admission valve. — 2 = Cam rocker. — 3 = Cam shaft. — 4 = Exhaust pipe. 


Fig. 145. — Diagrammatic cross sections through the steam engine. 


EXPLANATION ; 3 and 4, see figure 14. — 5 = Frame plates of the locomotive. — 6 = Springs in the pinion wheel. 
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gine was partly inspired by automobile 
practice where multiple cylinder motors 
are being increasingly used. The con- 
venient arrangement obtained by plac- 
ing the motor high up at the forward 
end enabled the number of cylinders to 
be increased to six. The engine of the 
« Winterthur » locomotive is designed to 
give 1000 brake horse power measured 
on the crank shaft. Fora short period it 
can be increased to 1500. To develop 


| 


this power, three cylinders working in 
parallel are sufficient. The cylinder 
diameter is 215 mm. (8 1/2 inches) and 
the stroke 350 mm. (13 3/4 inches). 
The layout of the engine and the valve 
gear is shewn in figures 14 and 15. Each 
cylinder has two valve boxes cast inte- 
grally with it. The compression being 
as high as 35 atmospheres per cm? 
(500 lb. per square inch), single seated 
valves can be used, the seat being only 


Fig. 146. — Frame of the engine with the crankshaft lifted clear. 


50 mm.,.(2 inches) across. The exhaust 
is controlled by the piston itself with a 
pre-exhaust of 15 %. A cam shaft, hav- 
ing six forward and six reverse cuts-off, 
operates the valves. The change of cut- 
off is made by steps and not continuous- 


ly : the tests in service have shewn that. 


this caused not the slightest inconven- 
ience in working. The change in cut- 
off is made by the gradation of the length 
and the height of the cams. In order 
to make it possible under all working 
conditions to ensure the definitive mo- 
vement of the cam shaft, the interme- 
diate rockers placed between the valve 
spindles and the cams are held by lateral 
springs in the mid position; when, for 
example, the cam shaft is moved to in- 
crease the rate of cut-off, the pressure 


springs are compressed so long as the 
movement of the roller is prevented by 
the longer cam of the next higher cut-off. 
As each cam only acts on a relatively 
short part of the face of the roller, the 
movement, assisted by the springs, can 
be made even at the highest speeds with 
the minimum of effort at the reversing 
wheel. The change of cut-off in the 
opposite direction would of course be 
possible without the centering springs. 
To alter the rate of cut-off with certitude 
whilst the engine is standing, a com- 
pressed air device has been introduced 
which raises the valves off their seats 
and brings the rollers far enough back 
for the cam shaft to be moved into each 
position, without there being contact 
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between the cam and the roller. Use is | 
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Figs. 17 and 18. — Front of the locomotive with the casing removed. 
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also made of this arrangement when run- 
ning with the regulator shut in order to 
protect the valves and also to reduce 
the resistance of the locomotive to a 
minimum when so running. It should 
be noted at this point that the resistance 
of the high pressure locomotive running 
with the regulator closed is much less 
than that of the piston locomotive of 
the usual type. 

The other parts of the locomotive do 
not call for any special comments : they 
are of the usual type adapted to the pow- 
er to be transmitted. - The gears are bas- 
ed on the well tried models used on elec- 
tric locomotives. The pinions themselves 
are fitted with a spring drive so as to 
distribute equally between the two sides 
the transmission of the turning moment, 
and also to take up any irregularities in 
the tangential thrust of the engine as far 
as the springs are able to ensure regula-: 
rity in the drive. The piston rod gland 
packings have so far given satisfaction : 
they are made up of segments in three 
pieces which are held against the piston 
rods by springs and can be replaced at 
any time without removing the piston 
rod itself. The details of the motion 
are enclosed and run in an oil bath. In 
addition, a hood in steel plate covers 
in the whole of the front part of the 
locomotive and protects the engine, etc., 
against the weather. A Friedmann lu- 
bricator supplies oil to the parts of the 
machine which work under pressure, 
and two gear pumps force the lubricat- 
ing oil through the bearings and details 
of the motion. The oil is carefully fil- 
tered and cooled. 

Figures 16 to 18 shew the engine itself 
and the way it is carried on the frame 
of the locomotive. 


Auxiliaries. — To-day the difficulties 
formerly experienced with the safety 
valves and water level indicators have 
been overcome. It is true that even 
with the very robust Klinger water 
gauges the glasses leak after a time, but 
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it is always due to defective packings 
or to the flaking away of the glass at the 
glands, which results in transverse 
cracks in the glass itself. Burst glasses, 
fragments of which might hurt the men, 
have not been experienced. An appara- 
tus that has never got out of order, and 
has always worked properly, is the 
water level indicator with a float used 
ever since the first tests. The feed 


Test carried out the 3 August 1927. 


1h. 20 m. 
890 ker. (41 962 lb.). 
5 970 ker. (4 344 British gallons), 


Actual duration of the test. 
Coal used . 
Wrateraused's.— = cate ecm 


Average horse power at 
hoursratingsssten a cee 


Coal used per horse-power 


OUD sexs sca negate ees 0.79 ker. (1.74 lb.). 
I. — Temperature of the water and of the steam : 
tw, = Temperature of the water before the feed pump; 
liv, = a — — — economiser ; 
t= — _- — after the economiser ; 
tae — — saturated steam; 
td, = — —  superheat. 
II. — Temperature of the atmosphere and of the 
combustion gases : 
t, == Temperature of the outside air; 
b= — — air under the grate; 
tg, = Temperature of the combustion gases before the super- 
heater ; 
tg2 == Temperature of the combustion gases after the super- 
heater ; 
tg, = Temperature of the combustion gases after the econom- 
iser ;- = 


tg, = Temperature of the combustion gases in the chimney. 


III. — Steam pressure ; number of revolutions and power : 


Px = Pressure in the steam chest; 
Px = boiler ; 

nm ==Number of revolutions per minute ; 
Ne = Effective horse power. 


Explanation of German terms: P.S. = Horsepower, — Uml./min. = Revolutions per minute, — at. =kegr. per square centimetre. — 


boiler and the engine were subjected to 
very thorough stationary tests, and were 
altered as found necessary. In Noyem- 
ber 1927, the running trials were begun. 
Thanks to the care with which the pre- 


pump supplied by the Knorr Brake Com- 
pany now works satisfactorily after 
many alterations. The compressed air 
pump and the steam heating equipment, 
supplied through a reducing valve are of 
the normal types. The high pressure 
valves and cocks were made in our own 
works and have given no trouble in ser- 

vice. 
Tests. — For more than a year the 
°C 
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Fig. 19. — Stationary tests of the engine. 


paratory work had been done, all the 
service tests were carried through with- 
out trouble and the locomotive is now 
in regular working on the Swiss Federal 
Railways. 
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Tests, some lasting eight hours, have 
been made under the most varied con- 
ditions. Figure 21 gives the results of 
a series of tests; all data relating to the 
boiler and engine will be found therein. 
The high efficiency (see fig. 5) is prin- 
cipally due to the well chosen arrange- 
ment of superheater and combustion 
gas feed water heater. The consump- 
tion of coal recorded during the sta- 
tionary tests varied according to the 
load between 0.6 and 0.8 kgr. (1.32 and 
1.76 lb.) per effective horse power at 
the crankshaft and the steam consump- 
tion including all auxiliaries between 5 
and 6 kgr. (11 and 13.2 lb.). The power 
was measured by a hydraulic brake. 


The results have been confirmed by 
tests made by the « Association des pro- 
priétaires suisses de chaudiéres a va- 
peur ». 

As is well known, the consumption of 
coal and water of locomotives alters ap- 
preciably under service conditions. In 
order to ascertain these figures as well, 
in January 1928, comparative tests were 
made between the high pressure loco- 
motive and a low pressure superheated 
locomotive of equal power, having a 
boiler pressure of 12 kgr. per cm? (170 
Ib. per square inch). The leading di- 
mensions of the two engines shewn 
alongside in figure 20 are given in the 
following table : 


« Winterthur ». 
high pressure 
locomotive. 


Low pressure 
locomotive. 


[PROS TR aiy Sos eis Seok Leena me ae me ES } 
CeARGMANG Aa ten men MEER Oya 5 Re Sc Sh eens, tee oats 
Heating surface, water side. .......... } 
SupPerMeauMeeSURIACA Es ois ays. «cae he 


Water in the boiler 


Niunibersote cylimders= rai. coc sace Gagan a se 


Diameter of cylinders 


Maximum speed, per hour. ..........--. 


Weight empty (tender included in the case of } 
low pressure engine). ........+++-+- 


Weight in working order 


(850 Ib. per square inch). 


(4 365 British gallons). 


12 ker. per cm? 


60 kgr. per em? 
(470 lb. per square inch). 


1.33 m2 2.30 m? 
(14.30 square feet). (24.75 square feet). 
97 m2? 120 m? 

(1 044 square -feel). (1 292 square feet). 

20 ni? 32.20 m2 
(245 square feet). (347 square feet). 
Bip ante 4.90 m? 
(594 British gallons). (1 078 British gallons). 
3 2 
215 mm. 540 mm. 
(8 1/2 inches). (24 1/4 inches), 
350 mm. 600 mm. 
> (43 13/46 inches). (23 5/8 inches). 
dies ee 
1520 m 41520 m. — 
(4 ft. 44 13/46 in.). (4 ft. 14 13/16 in.). 
75 km. 7d km. 
(46.6 miles). (46.6 miles). 
62.8 t. 64.2 t. 
(61.8 English tons). (63.2 English tons). 
75.0 t. 90.8 t. 
(73.8 English tons). (89.4 English tons), 
6.2 m3 16 m? 


(3 520 British gallons). 


2.7 t. 


44. 
(2.66 English tons). (3.93 English tons). 
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The tests were carried out over two 
consecutive days under the same wea- 
ther conditions with the same train 
formation on the Winterthur to Ro- 
manshorn and Winterthur to Stein-Sic- 
kingen lines. Figure 21 reproduces the 
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results recorded by the instruments in 
the dynamometer car belonging to the 
Swiss Federal Railways. 

During the test runs the following fi 
ures were obtained : 


O- 
cw) 


Maxamrumporadientit.teisk.. sods estas sc cry ot {2 


Load hauled 


242 t. (238.2 English tons), 


INATTEO EE Gil BARS. = Oc aay ER eee erm ea By 40 
High pressure. | Low pressure. “High pressure.| Low pressure. 
ee : » 64.8 km. 60.7 km. 55 km. 53.5 km. 
ee ee ee | (38.4 miles). | (87.7 miles). | (34.2 miles). | (83.2 miles). 
776 ker. 1176 ker, 1 012 keg. 1 449 ker. 
QUSLES! Sof 6CS ns ee eo ee | (4740 Ib.). | (2592Ib.) | (2 2341b.) | (8 194 lb.) 
5 2501 9 700 1. 6 550 1. 42 200 1. 
Wwictie cau SC amememcih.: Ruicmniace s ciicn <2 ones (t 155 British |(2 135 British|(1 442 British|(2 685 British 
gallons). gallons). gallons). gallons). 


Winterthur Winterthur 
to Romanshorn 


and back. 


to Stein-Stckingen 
and back. 


41142 km. (69.6 miles). 


mm. per metre (1 in 83). 


149 km. (92.6 miles). 
8 mm. per metre (4 in 125). 
300 t. (295.3 English tons). 


If the consumption per draw-bar horse- 
power-hour developed is compared, the 
high pressure engine will be seen to have 
given a saving of 35 to 40 % of fuel and 
47 to 55 % of water. 

Consequently the « Winterthur » loco- 
motive has fully justified expectations. 

Figure 22 is an exact reproduction of 
the indicator diagrams for different de- 
grees of cut-off. The cut-off varies be- 
tween 4.9 and 22.8 per cent. The cor- 
responding admission line is nearly ho- 
rizontal, especially in diagrams 4 to 6, 
and shews the quick cut-off. The open- 
ing to exhaust is equally well defined : in 
general, the valve events are very good. 
The steam pressure at exhaust for the 
principal running notches 1 to 4 varies 
between 3 and 6.5 kgr. per cm? (43 and 
92 lb. per square inch), actual pressure. 
It is relatively high. but this is neces- 
sary to get sufficient vacuum in the 
smoke box. By adding low pressure cyl- 
inders, it would be possible to carry the 


expansion still farther, and therehy ob- 
tain a further coal and water saving; 
but this would hardly be sufficient to 
make good the extra cost involved. 

The interior and the exterior cleaning 
of the boiler is easy and can be done 
very thoroughly. The scale is deposit- 
ed in the feed water heaters : in the boil- 
er itself, only fine mud in small quanti- 
ties is found. The cross water legs have 
not shewn the slightest traces of scale. 
It is therefore to be expected that the 
washing out of the new boiler will be 
much less costly than in the case of the 
ordinary type. 

The relatively small quantity of water 
in the boiler, roughly half that in a boil- 
er of the usual pattern, might lead one 
to fear that the heat storage would be 
too smail for working requirements. 
Actually, however, the tests in service 
have shewn these fears to be unjustified: 
the high pressure is, on the contrary, 
extraordinary flexible, and the effect of 
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firing is surprisingly rapid, so that it is 
possible to run with a relatively low fire 
and adjust the pressure to suit the run- 
ning conditions. The storage capacity 
is represented by a greater quantity of 
steam and by the variation in pressure 
in the boiler. 

Raising steam requires only one and 
a half hours, or half time and conse- 
quently half the coal needed for the low 
pressure locomotive. 

The « Winterthur » high pressure loco- 
motive frankly can be considered as a 
step forward in the development of the 
steam locomotive. If this first example, 
as is natural enough, cannot be qualified 
as absolutely perfect in every respect, 
the calculated consumption figures have 
been confirmed by it, and subsequent 


designs will be based on solid founda- 
tions on which we can confidently ex- 
pect a rapid development will take place 
without delay. 

The method of construction of the 
high pressure « Winterthur » locomotive 
is especially suitable for high powers. 
The arrangement of the firebox enables 
the direct heating surface to be given 
much larger dimensions than in the case 
of the usual type. Furthermore, for the 
same reason, the way is opened to the 
use of. pulverised fuel. The diagram of 
figure 23 shews an express locomotive 
able to develop 2000 effective horse- 
power at the crank shaft. The Garratt 
type (fig. 24) is fitted with the same 
engine and develops 4 000 H. P. 
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Road and rail transport 


(The Railway Gazette.) 


In opening his paper, Dr. Fenelon said 
that it was generally felt that the trans- 
port situation in Great Britain was in 
many ways unsatisfactory, and that the 
best use was not being made of the 
facilities available. The problem was a 
complex and difficult one, but two fac- 


tors might be singled out as being of - 


especial importance. These were: 1. the 
rise of road transport and 2. railway 
traffic losses due to trade depression. 
The railways were the backbone of 
inland transport in Great Britain, and in 
consequence this depression was a mat- 
ter of grave importance to the commu- 


ns 


(1) Sommary of a Paper read by Dr. K. G. Fenelon hefore the Economic Section of the British 


Association, Glasgow, 7 September, 1928. 


_the roads. Though road transport was 


nity. The railways had been especially 
hard hit by the depression in the coal, 
iron and steel trades, and the importance 
of this to the railways would be realised 
when it was stated that even in 1927 coal 
traffic constituted 50.25 % of the total 
freight ton-miles carried by the railways. 
A revival in the heavy industries would 
do a great deal to improve railway 
finances. 


Road competition. 
The railways had also lost traffic to 


complementary to, as well as competitive 


0 ee 


with, the railways, it was clear that on 
balance the railways had been the losers. 

The growth of motor transport since 
the war had been remarkable. In 1919 
there were only about 250 000 motor ve- 
hicles on the roads. in 1920 there were 
half a million, in 1923 one million, and 
in 1925 one and a half millions, while 
this year there would be some two mil- 
lions. Road transport competition with 
the railways, moreover, was not confin- 
ed to this country, but was now general 
throughout the world. 

Loss of traffic was a serious matter to 
the railways because the industry was 
one in which fixed charges bore a very 
high proportion to the total costs of car- 
riage. If traffic declined the average 
cost per unit of traffic would increase. 
This argument would apply if the rail- 
ways were to divert traffic to their own 
road motors, and herein lies a danger in 
the unwise use of motor transport by the 
railways. Road powers for railways will 
not improve railway finances if, as a 
result of diversion of traffic to railway- 
owned road motors, there is not suffi- 
cient to keep railway capital adequately 
employed. Road powers, however, as 
will be shown later, should, if wisely 
used, enable the railways to introduce 


certain operating economies without di- - 


verting an undue amount of traffic from 
the rail. The railway companies also 
are of the opinion that road powers will 
provide them with an important bar- 
gaining instrument in their negotiations 
with road transport concerns. 

Another difficulty confronting British 
railways has been the inelasticity of the 
wages bill. Wages are 140 % higher 
than they were in 1913, and earnings of 
railwaymen are even higher owing to 
more favourable conditions, e. g., over- 
time, standardisation of grades, etc. 

Discussing whether road competition 
with rail was fair, Dr. Fenelon stated the 
railway case clearly and forcibly, and 
came to the conclusion that, on an im- 
partial examination of the arguments on 


both sides, the railways had on grounds 
of equity a very good case in their appli- 
cation for extended road powers. 


Economic spheres of road and rail. 


Road transport is best suited to short- 
haul, high-grade traffic. Road hauliers 
who generally base their charges on the 
cost of service can compete with the 
railways most easily in the case of high- 
grade articles, as the railways, broadly 
speaking, base their charges on the value 
of the commodity carried. 

Generally speaking, rail transport is 
unrivalled for long-distance journeys, for- 
the carriage of the raw materials of in- 
dustry and of nearly all kinds of heavy 
and bulky articles, especially those which 
pass in quantity. In certain circum- 
stances direct services can be given as 
from private siding to private siding or 
from pit to port, and in such cases the 
economic advantages of rail transport 
are ata maximum. Where rapid transit 
is essential, as in the carriage of mails, 
fish, newspapers and parcels, traffic sta- 
tistics show that the railways are hold- 
ing their own with road transport. 

Road transport is not in a position to 
handle heavy traffic, nor to deal with 
long-distance traffic except in a few 
cases. Neither can it deal with inten- 
sive passenger traffic. In rail transport 
costs decrease as the amount of the traf- 
fic handled increases, and as a result 
railways are unrivalled for the carriage 
of heavy traffic. Speed on the rail is 
greater than on the roads unless the aver- 
age rate is reduced by terminal, tranship- 
ment or other delays. The advantage of 
speed is one which the railways in all 
probability will be forced to exploit to 
the maximum, and the tendency, no 
doubt, will be to speed-up freight trains. 
Where road transport is met on its own 
ground by the provision of special faci- 
lities and fast services, the railways have 
been able to retain or even regain traffic. 

An important advantage possessed by 
the railways is that of their widespread 


organisation for the collection and dis- 
tribution of their traffic. This should 
be an important factor in any scheme of 
co-ordination between road and _ rail 
transport which might be evolved, and 
it should prove to be a valuable instru- 
ment in carrying out negotiations with 
independent road transport concerns. 


Co-ordination. 


As a possible solution of the contro- 
versy there had been an increasing ten- 
dency to search for some compromise 
whereby the two methods could be co- 
ordinated to their mutual advantage and 
to the benefit of the public. Competi- 
tion has not furnished a solution, and ex- 
perience had shown that unnecessary 
duplications of services existed. 

If co-operation could be substituted 
for competition, the two methods could 
be used in conjunction and arrangements 
could be made whereby each system 
would operate under conditions most 
suitable to its economic characteristics. 

With a co-ordinated transport system 
it woffld be logical to treat each natural 
traffic area as one unit, feeder and deve- 
lopment services being operated in con- 
junction with the main traffic routes of 
the region. A regular system for effect- 
ing transference between road and rail 
could be introduced, and for this pur- 
pose railway stations or depots might be 
used so that the one organisation would 
suffice to act as receivers of traffic for 
both types of transport and thus unne- 
cessary capital expenditure would be 
avoided. In the future, air transport 
might be brought into the scheme, and 
this has, in fact, already been done in 
Germany. 

Co-ordination would prove equally 
advantageous in many other ways. It 
would be helpful, for instance, in reliev- 
ing traffic congestion on a saturated rail- 
way line or during periods of seasonal 
activity. There would then be no need 
to increase the capacity of the line until 
traffic had grown sufficiently to justify 
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the great expense of duplicating the 
tracks or otherwise increasing their c¢a- 
pacity. The efficiency of the rail sys- 
tem would be increased if it were pos- 
sible to utilise road vehicles as « feeders » 
in areas surrounding the stations. Road 
vehicles could handle goods traffic to 
and from intermediate stations more 
cheaply and more expeditiously than the 
railway « road vans » or « pick-up goods 
trains ». The inconvenience, delay and 
expense of railway transhipment might 
be minimised or avoided if goods could 
be brought direct to a central depot by 
road. In the same way passenger trains 
could be speeded up and facilities im- 
proved. To encourage through traffic 
of all kinds, inclusive rates and fares 
could be quoted. 

The fact that the various types of 
transport have each certain advantages 
and limitations for the carriage of par- 
ticular types of traffic or for use in cer- 
tain circumstances provides the econ- 
omic basis of co-ordination. There is a 
differentiation in function between each 
of the principal forms. 

There are many practical difficulties 
in the way of evolving a logical system 
of co-ordination, and in only one coun- 
try — Germany — can it be said that a 
definite attempt has been made to co-or- 
dinate rail, road, air and inland water 
transport. In Germany, however, road 
transport is not so developed as in Great 
Britain or the United States. 

The multiplicity of road transport un- 
dertakings and the ease with which new 
enterprises can be started considerably 
increases the difficulties of inaugurating 
a system of co-ordination. Co-ordina- 
tion would be comparatively easy to 
inaugurate where only railways and 
large motor transport firms were con- 
cerned, but it would be far more difficult 
to achieve where road transport was in 
the hands of numerous small owners, 
some possessing, perhaps, only one or 
two vehicles. 

Co-ordination of road and rail trans- 
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port might be achieved in a variety of 
ways, but broadly speaking, the various 
schemes may be divided into three cate- 
gories. 

Firstly, co-ordination might take the 
form of voluntary co-operation between 
road and rail companies (including mu- 
nicipalities), each maintaining their se- 
parate identity. In this type of co-ordi- 
nation, road and rail would be more or 
less equal partners. 

Secondly, co-ordination might be 
achieved through the provision of road 
motor services by railway companies or 
through financial control of road con- 
cerns by railways. In this form of co- 
ordination, road transport would be de- 


finitely subsidiary or auxiliary to the 
railways. 
Thirdly, co-ordination might be quasi- 


legal in character. The scheme put for- 
ward by the London Traffic Advisory 
Committee is of this nature. 

Voluntary co-operation would have 
considerable advantages in that the com- 
plementary characteristics of road and 
rail would be stressed rather than the 
competitive. Mutual facilities could be 
provided, such as the use of each other’s 
booking offices for through journeys, use 
of stations, dovetailing of time-tables, eic. 
A certain amount of voluntary co-opera- 
tion between the railways and motor 
transport has already been attempted in 
various districts. The London & North 
Eastern Railway, for instance, works in 
conjunction with road transport firms at 
Scarborough, Musselburgh, in the Lake 
District, and the Trossachs. Such co- 
operation, however, has been difficult to 
achieve on an extensive scale. 


Railway control of road transport. 


In the second type of co-ordination 
(i. e., railway ownership or control of 
road transport) the railways would be 
the predominant partner and road trans- 
port would be organised as a subsidiary. 
The danger of this type of co-ordination 
is that road transport might become too 


subordinate, but in practice it would be 
difficult to establish as vested interests 
have grown up in road transport. It was 
partly to effect co-ordination of this 
form that the railways sought extended 
road powers, though it is also evideni 
from the proceedings of the Select Com- 
mittee during the parliamentary inquiry 
that they hope to use road transport to 
some extent as a competitive weapon 
against their road competitors. The rail- 
way companies also argued that road 
powers would put them in a better posi- 
tion to negotiate with road_ transport 
firms, and thus road powers might also 
be used to facilitate co-ordination on a 
voluntary basis. In Britain, where there 
are four large railway groups, railway 
ownership of road vehicles might in- 
crease inter-group competition as road 
vehicles could penetrate each other’s ter- 
ritory. This would be contrary to the 
spirit of the 1921 Railways Act and 
would make for competition rather than 
co-ordination. The difficulty might be 
overcome by the formation of one large 
road transport company, jointly owned 
or controlled by the four big railway 
groups, somewhat in the same manner 
as the Cheshire Lines Committee is con- 
trolled. 

From the point of view of railway 
operating economies, there are many 
uses to which a subsidiary road trans- 
port service could be put by a railway 
administration. Road services could be 
substituted for unremunerative branch 
lines, which in some districts are a serious 
financial drain on the companies. Cir- 
cuitous rail routes could be avoided, and 
other possible economies have already 
been instanced. Certain experiments 
have already been made on a small scale 
in this country, such as the combined 
road and rail services for agricultural 
and other produce recently inaugurated 
in the North of England and Scotland 
by the London & North Eastern Railvay. 
Steps have also been taken recently by 
the London & North Eastern Railway and 
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London Midland & Scottish Railway to 
increase the use of containers. The Great 
Western Railway for many years past 
have used motor lorries to extend their 
goods services, and they have made con- 
siderable use of motor buses. Another 
example of co-ordination,though not quite 
on the same footing, is that of the Lon- 
don « Underground » and the London 
General Omnibus Company at Morden, 
where a bus service radiates over a wide 
area from the station. 

It is true that certain of the advantages 
could be obtained by voluntary co-ope- 
ration between rail and road, but, as has 
already been indicated, there are certain 
practical difficulties. The railways, 
moreover, would seem to prefer to ope- 
rate or control their own co-ordinated 
road transport. 


Quasi-legal co-ordination 


The third type of co-ordination which 
requires consideration is that of quasi- 
legai character. In this form the various 
transport concerns would be required to 
compose their differences and to evolve 
a system of co-operative working. Fail- 
ing voluntary agreement, authority would 
step in and set up a compulsory scheme 
of co-ordination. This species of co- 
ordination would mean the recognition 
of some form of monopoly, of compul- 
sory participation in the scheme, and of 
some measure of control in the public 
interest. A scheme of co-ordination of 
this type has recently been suggested as 
a solution of the London traffic prob- 
lem, and of this the essential character- 
istics are: 1. common management; 
2. pooling of receipts’ to enable prior 
charges to be met in all cases; and 3. a 
controlling body to safeguard the inter- 
ests of the public. There would be con- 
siderable difficulties in extending com- 
pulsory co-ordination over the whole 
country, though the difficulty might be 
met by the formation of regional traffic 
authorities who would control transport 
facilities in their area. These regional 


committees would, no doubt, be appoint- 
ed something on the lines of the Electri- 
city Area scheme. The main practical 
difficulty seems io be that if, on the one 
hand, a central body were appointed for 
the whole country, it would be practic- 
ally impossible to exercise due control 
on account of the magnitude of the task 
or to steer clear of the dangers of rou- 
tine and red tape. On the other hand, 
if regional committees were set up there 
would be difficulties due to the fact that 
the railways transcend local boundaries. 

One important advantage of quasi-legal 
co-ordination over other types is that 
new road enterprises would. not be al- 
lowed to run on established routes unless 
a need for their services could be proy- 
ed. Under the other forms of co-ordina- 
tion, a new road transport concern might 
be able to wreck the scheme of co-ordi- 
nation by coming in and taking the 
cream of the traffic. 


Limitations of co-ordination from 
the Public point2of view. 


All schemes of co-ordination present 
important limitations, though these vary 
with the various schemes. The first 
danger which may lie in co-ordination 
policies is that a monopoly might be 
formed which could be exploited against 
the interests of the public. Competi- 
tion, though it may lead to unnecessary 
and wasteful duplication of effort, has. 
certain counteracting advantages from 
the point of view of the general travel- 
ling public and the traders. Under a 
competitive régime in certain circum- | 
stances more frequent services may be 
given, traders may get more individual 
attention and passengers may obtain 
more civility. Competition stimulates 
enterprise and innovations, while under 
monopoly there is frequently a tendency 
to follow routine and for bureaucratic 
methods to be introduced into the trans- 
port organisations. It is therefore more 
than probable that the evolution of any 
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scheme of co-ordination on a general 
scale — whatever be its exact nature — 
would result in a demand for govern- 
mental intervention. Some public body 
would have to be set up to control the 
co-ordinated transport in the public in- 
terest. The question of public control is 
a point which will have to be considered 
by those advocating co-ordination, and 
the relative advantages and limitations 
of freedom of enterprise would have to 
be balanced against those of public re- 
gulation. 

The indications at present are that 
some form of co-ordination will have to 
be adopted. If the various transport in- 
terests cannot introduce a system of co- 
ordination of themselves, then the task 


will have to be undertaken by an outside ~ 


body. The demand is most urgent in 
the case of city transport, and here the 
probable solution is that of quasi-legal 
co-ordination, on the basis of regional 
or rather urban traffic areas. Such 
co-ordination though it would not solve 
the road versus rail problem, would 
probably lead to the inclusion of the rail- 
ways in the city scheme. The wider 
question of co-ordination throughout the 
country is more difficult of solution, but 
there is much to be gained by the public 


through the adoption of co-ordination, 
though some method of control is prob- 
ably essential. 

Voluntary co-ordination between the 
railways and the large road transport 
companies, which, during the past few 
years have been tending, especially in 
the case of passenger traffic, to oust the 
smaller concerns would be the easiest 
solution if it can be achieved. To pro- 
tect the public, in the event of such a 
combination becoming over-powerful, 
some form of control would be required. 
It might- suffice if some body such as the 
Ministry of Transport or the Rates Tri- 
bunal were given power to investigate 
abuses and to shed the light of publicity 
on any instances of exploitation of the 
public. If, however, co-ordination cannot 
be achieved through voluntary endea- 
vour, there would seem to be no other 
solution than the introduction of some 
form of quasi-legal co-ordination on the 
basis of regional traffic committees. 

in the subsequent discussion, Sir Jo- 
siah Stamp said that from the public 
point of view it was a good thing that 
our younger economists should, with 
fresh minds, untrammelled by past adher- 
ence to railway theory, make this ques- 
tion one of impartial study. 
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INFORMATION 


1. — The steel rail. 


Reliability versus wearing capacity. 


(The Railway Engineer.) 


During the discussion which followed 
Mr. Raymond Carpmael’s paper, read before 
the Institute of Transport recently, some 
points of considerable interest were raised re- 
lative to the reliability of the steel rail. The 
subject of the paper was Safety and Speed on 
the Railways, and the author included in his 
appendices a detailed analysis of the causes of 
railway accidents in Great Britain which had, 
during the past fifty years, resulted in loss 
of life, either of passengers or railway ser- 
vants. Although 14183 cases of broken rails 
in running lines had, during this period, been 
reported to the Board of Trade — or, in more 
- recent years, to the Ministry of Transport, in 


accordance with the statutory provisions re-— 
_ lating to this type of mishap — the appendices | 
above referred to gave the number of lives lost: 


ah oa pelea onthe 14 in all, out 


Baddengorm Bridge on the Highland Railway 


in 1914. Similarly in the 1915-1919 period, 
to which seven casualties were assigned, the 
only accident in the track category (apart 
from the Weedon derailment, of which the ini- 
tial cause. was an engine failure) was the de- 
railment in 1916 of a Midland Scottish express 
at Little Salkeld, in Westmorland, as the re- 
sult of a landslide. 
fore, were broken rails concerned at all. These 
were in both cases, indeed, accidents of a type 
which could not be in any way foreseen, and 
it is a matter of warm congratulation to all 
those connected with the maintenance of track 
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In neither instance, there- 
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tives, have all played their part in producing 
so excellent a result. No other country in the 
world, whose railways cariy traffic of a den- 
sity or speed equal ito our own, could show 
a comparable, or anything like comparable, 
reliability of rails. At the same time it is not 
wise to lose sight of the relation between this 
reliability and the wearing capacity of the 
rails. Is the price that is being paid for per- 
fect soundness in the steel too high? Is the 
wearing capacity of the British rail unreason- 
ably low on account of a stringency in limits 
of analysis or physical tests which the circum- 
stances of the case do not fully demand? These 
may be somewhat thankless questions to put, 
but the importance of the considerations in- 
volved, from the economic standpoint, is such 
that the subject deserves consideration. 

It is often claimed that the rails made half- 
a-century ago in the earliest days of steelmak- 
ing on a commercial scale, gave better wear 
than the rails of to-day. Those making the 
claim often overlook the difference between the 
punishment to which the rails had to submit 
in those days and present-day conditions of 
wear. In the interim the tonnage of traffic 
passing over main-line tracks has vastly in- 
creased, with a corresponding increase in the 
abrasive wear to which the rails are subjected. 
But when this allowance has been made, there 
is still some force remaining in the claim. 
Proof is afforded by the fact that early rails 
have been known to remain in the road — not, 
of course, in the busiest locations — for periods 


in excess of 40 years, during which they have 


been subject to both the old conditions and the 
new. The explanation of this increased capa- 
city for wear is probably found in the fact 
that early steel-rail specifications allowed a 
far wider latitude to the manufacturer than 
those of to-day; considerably higher percent- 
ages of phosphorus, sulphur and manganese 
were allowed in the steel than would he dream- 
ed of in these days; physical tests were mo- 
dest in their severity as compared with those 
now enforced; and, in addition, the rails were 


‘rolled from the ingots at lower, temperatures 


than now current, with a result that more 


_ work was done upon the steel in reducing it 


to section. Quite recently, a North of England 
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steelmaker proudly mentionned, in a speech, 
the fact that a rail made by his firm had re- 
mained in the road for 51 years with no 
greater loss in depth by wear than 1/8 inch. 
The rail concerned would almost certainly have 
been rejected on analysis and physical tests 
under the present British Standard Specifica- 
tion. i 


British Standard Specification’s 
requirements. 


To-day we pride ourselves on the fact that 
it is possible to demand, and to cbtain, drastic 
limits of purity in the steel employed for the 
manufacture of rails. Phosphorus, for example, 
is limited, in the basic open-hearth process, to 
0.04 %, and sulphur to 0.05 %. Manganese 
is cut down to 0.80 % in order to permit of 
a carbon content ranging between 0,55 and 
0.65 %. Yet, from the standpomt of wear, 
we are no better off than we were decades ago; 
in all probability we are worse off. The ‘rails 
of earlier days were without question consid- 
erably more brittle than those of to-day, by 
reason of the greater relative impurity of their 
composition. But was it a dangerous brittle- 
ness ? Surely the accident statistics already 
mentioned provide the answer. J'ar into the 
present century many of these early rails still 
remained in use, but still without affecting the 
remarkable British record of freedom from ac- 
cident through broken rails. Even the thou- 
sands of tons of rails produced in Great Brit- 
ain by the much-maligned basic Bessemer pro- 
cess, deserving though they doubtless were in 
large measure of the reputation for unrelia- 


‘bility which resulted ultimately in the extinc- 


tion of basic Bessemer working in this coun- 
try — but not altogether with reason, seeing 
that, as these columns have proved, it is pos- 
sible to produce a reliable basic Bessemer steel, 
giving right methods and raw materials — 
have not in any way affected the accident re- 
cord, 

It is difficult to avoid the conclusion that 
considerations of safety have weighed to an 
undue degree in the framing of the present 
British Standard Specification to which prac- 
tically the whole of the rails used by British 
railways are made. In the drastic purification 
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of steel necessary in order to eliminate phos- whether of rails, on the track side, or the tyres 
phorus, the time of occupation of open-hearth of the rolling-stock, there is no evidence of any 


furnaces ig being increased, and production inquiry on the part of the railways commen- 

costs are forced up. Drastic limitation of sul- surate with the economie urgency of the prob- e 
phur ties down the steelmaker in his choice of — lem, ; 

iron for the purpose of making rail steel. The The following is quoted from an article en- 


ousting of the Bessemer basic process had, titled « Rails and Tyres », which appeared re- 
rightly or wrongly, done away with the cheap- cently in the metallurgical supplement of The 
est of all methods of steel production. On the  Hngineer : 

other side of the ledger we have the fact that « This is, surely, a matter of primary im- 
a certain proportion of phosphorus — within portance to the railways. Abroad it is 
reasonable limits, of course — is of most va- chiefly the railway laboratories that are oc- 
Iuable assistance to rail wear. Equally va- cupying themselves with the difficult prob- 
luable in its potential resistance to abrasion lem of abrasion testing. Are our railways, 
is manganese, which has been arbitrarily cut directly or indirectly, making any efforts in. 
down to- the figure mentioned in the previous ¢ thijg direction? The user of the material 
paragraph, to compensate for the doubtful ad- generally expects the manufacturer to carry 
vantages of a higher carbon limit. ; out research and to initiate progress. In the 
present instance, however, the gain from 
progress will be entirely with the user — the 
railways. Increased resistance to wear, pro- - 
vided without any great additional cost, will 
entail for the steelmaker, at all events, no 
increase of output, but to the railways it 
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The fact has previously been stressed, and 
deserves yet further emphasis, that British 
railways purchase between them a quarter of 
a million tons of steel rails annually, to a 
total value of two millions sterling. Close: at- 

ich tention has been paid to soundness in the steel, 
eee and this, coupled with the expert methods of will be a matter of great financial advant- 
: track-laying and maintenance in this country age and even of economic necessity. » ~ 
— and particularly the firm support of the With such a ‘conclusion the writer is in aS 
bull-head rail in its keyed chair — has pro- hearty agreement ; this is a- problem to salen ecol = —. 
duced the successful results in freedom from the engineering staffs of British railways, in 
accident to which reference has already been their own interests, should lose no time in di- 
made. But as to wearing capacity or life, ha tae aes poste 4 PDS 
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4. Mileage open to traffic. 


Mileage 
open 
to traffic. » 


Miles. 


T 993.2 


Average 
mileage 
worked. 


Miles. 


7 948.4 


Mileage open to traffic according to track. 


septuple 14 


Number 
of 
stations. 


2 362 


: Track 
Si ae Quadrupl mileage, 
Single, | Double, | Triple. | SH ch oeee Total. 
a 
Miles ch. | Miles ch. Miles eral Miles ch. Miles ch. | Miles ch. 
quadruple 49 00 
: quintuple 0 74 
6783 50)141158 68 12 58 8 007 69 113 0382 63 
sextuple 1 33 
On 


es Traffic. 
Train mileage (4). Vehicle mileage. 
Passenger Goods Mixed | Total Passenger Electric Steam Goods | Total 
trains. trains trains. 3 carriages, trains motor cars. wagons. ; ~ 
| | 
Miles. | Miles. Miles. Miles. Miles. | Miles Miles. | Miles. | Miles, 
54 624 344 | 34 293 347) 9 048 685 | 94 966 373 879 18f 686 66 425 266) 427 323 i! 172 649 983! 2 118 689 258 
| | ' ' 


(2) Including the number of miles run by electrie trains and steam motor cars computed at the rate of 10 cars = 1 train. 


Traffic returns (Continued). 


Traffic. 
Passengers. 
Number of Eee carried. Number of passengers carried one mile. 
e3 : 3 Ist 2nd 3rd 
heat ; | ieee en | INDERS ee | Si class. de 
’ > | a 
68 597 | 17290 9814 | 718 346 873 | 735 706 4514 | 20245 4 | 722 705 835 |11 2410 251 698]11 953 203 057 
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Traffic returns (continued). 


Traffic. 
a a i des a ee 
— 
| Passengers. 
| 
| eee eS EY ee 


Goods. 
Parcels and luggage: 
|A verage journey per passenger. Tonnage of goods hauled. 
Ist 2nd 3rd Total. | Parcels. Luggage. Total. Ordinary 
class. | class. | class. 
| 


Express Carload Total. 
consignment | consignment. | consignment. 
aR SER A SR A A EE ET 

Miles, | Miles. | Miles | Miles. Tons. Tons. 


Tons. Tons. 
2951] 44.8] 45.6] 416.2] 575 665 25 350 


Tons. Tons. 


Tons. 


73 602 765 


601 0145 | 6 414 886 26 633 | 67 161 246 


Traffic returns (continued). 


Traffic. 
Goods. Passenger earnings. 
Tonnage of goods hauled one mile. 
Ist 2nd 3rd 
| | class. class. class. Total. 
Ordinary. Express. Carload. Total e 
a a i ee a ee 
Tons. Tons. Tous. Tons. dz. ye dz. xs 
755 911 137 6 689 187 |6 502 666 192|7 265 266 466 96 899 2 435 187 | 20 889 194 23 422 280 


Traffic returns (continued). 


Traffic. 
————— 5 —=—$—9—@($@809MM090909077°000—0ooOonowooeoeeoooooooOOS 
Do Passenger earnings (continued). 


Average per passenger. 


Harnings from 
Average per passenger per mile. 


Karnings 
parcels and luggage. feons 
postal 
ae ; ° E matter, 
t d ¢ 

stena) ings: ies Total. ee ouch: ae Total Parcels. Luggage. Total. 

Shee oan: f snesl Sei hee ois Sh. Sh. Sh. £. x. Se per EL 7" 
28.24) 2.81 | 0.57 | 0.63 | 0.0957 | 0.0672 | 0.0871 | 0.0394 | 2366472 
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6. Stores. 


Stores. 


Railway stores purchased. Amount of stores on hand. 


Home Foreign Stores Articles 
in process Total. 


purchase. purchase, in stock. 4 
of manufacture. 


23 j z sé | ee Zz 
17 494 745 17 830 003 2 912 568 | 38 787 2 951 355 


Z 7. Works. 
none, eee ssa 
Works. 
| 
Number , Number Number Number Average wages 
P. ~ 7 o ; 
of workshops. of workmen. of days worked. ms aes Ronee Wiaeen: Ber ee 
adjusted. per capita. 
| nd Sh. 
21 12 627 3 767 349 3 826 529 1 025 497 5.455 
1 
N. B. — Number of workmen represents the average number as returned at the end of each month during the year. 
Number of days worked is computed by multiplying number of workmen at work by working days. 
Number of days worked adjusted represents the results obtained by counting one day’s work at 10 hours, 
a workman working for 15 hours per day being counted as 1 !/,; days worked. 
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8. Electricity. 


Electricity. 


é ee 
é Number of communication Message traffic. 
; Number Sar bel : apparatus. 

(0) * al SS ae ee, 

. stations 

stations F - Shares 

a accepting a Tele- -Tele- pee Service Public Total in charges 
ae A 3 et 7 . . 
: eo te telegrams,| graphs. | phones. ments. telegrams. telegrams. ae se 


cs 
2 403 951 2737 | 38 845 4784 | 65048991 | 12755197 | 77 804 188 | 59 722 


[RS Ss Te ee ee es eee See 
N. B. — Telegraph apparatus comprises recorders, block instruments and automatic relays. 
The block instrument comprises double line instrument, Tyre’s Webb Thompson’s and single line 


instruments. / 
In the returns of message traffic despatched and received messages are counted as one and those 


transmitted as two. 
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9. Officials and employees. 


Officials and employees. 


Higher grade. Lower grade. | 


Assistant engineers of 


hs Siecle Sonin rank. Clerks of hannin rank. ; 
hannin rank. 


rank. 


Average Average Average Average 


; lar, . salar. ) salar, 
Number,| Monthly. | salary | Num- | Monthly ¥ | umber,| Monthly ¥ | wumber,| Monthly | salary 
salary.| Per ber. | salary. per salary. per salary. Dene. 
capita. capita. capita. r capita. 
z. £-sh. dz. £-sh. ze Z£-sh. & £-sh, 


a 


22 | 1.023 /46- 10} 823 | 20669) 25-2 | 11585 | 100146 | 8-13 | 6 162 | 58744 | 9-10} 
Officials and employees (continued). 


Officials and employees. 


_ Employees of koin class. Employees of yonin class. 
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Dynamic stresses and vibrations 
of the main girders of railway bridges. 


Vig. 1, p. 114. 


The German review Die Bautechnik in 
its numbers of the 20 and 27 January 1928 
published two articles by Professor Hort. 
of the University of Berlin, on the dynamic 
stresses in, and the vibrations of, the main 
girders of railway bridges. This subject, 
one of those to be considered at the next 
Congress at Madrid, being of present inte- 
rest, we give below a resumé of these 
studies. The author, a distinguished 
mathematician and the writer of an impor- 
tant work, Technische Schwingungslehre, 
has devoted himself to the mathematical 
determination and separation of the diffe- 
rent elements entering into the composi- 
tion of the co-efficient of impact or of the 
dynamic majoration. The calculations 
only relate to the most usual case of iso- 
static girders. 

We consider, with Professor Hort, that 
such a mathematical investigation can be 
most fruitful and ought to be carried much 
further. 

It will not be useless to recall to mind 
that the calculation of bridges is still 
actually based a priori on purely mathe- 
matical data to which practical experience 
has only made very slight alterations 
The problem of the impact ought to be 
treated first of all, and to the widest extent 
possible, as a mathematical problem. The 
systematic tests that are being carried out 
on all the principal railways will shew us 
the probable corrections required. 


I—10 


The values obtained experimentally a 
priori have shewn in any case by their dis- 
jointed and divergent character that it 
would be well to consider them as having 
relative values only. 

Under these circumstances, every ma- 
thematical investigation tending to narrow 
the problem within closer limits will form 
a useful contribution to its solution. 

One criticism must be made about Pro- 
fessor Hort’s work, namely, that he has 
neglected to point out the very important 
part the French mathematicians Bresse, 
Phillips and Renaudot have taken in the 
study of these questions. 

We propose in the near future to deal 
again with the practical application of the 
mathematical results mentioned, at the 
same time bringing out the fact now being 
established that the French and German 
formule usedin calculating the co-efficient 
of impact are leading to the same numeric- 
al results. 


I. — Permanent factors acting even 
in the case of perfectly balanced 
locomotives. 


a) Centrifugal force. 


If the track is perfectly regular, the 
running of the stock taking place without 
any shock, the motor being for example a 
perfectly balanced electric locomotive, the 
deflection of the track and of the bridge 
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will take place following a curve concave 
upwards giving rise to supplementary 
centrifugal forces, which will increase the 
working stresses. 

The English mathematician Stokes has 
devoted a number of theoretical studies to 
these investigations. Zimmermann in his 
pamphlet « The vibration of a girder under 
the influence of a moving load » has dealt 
with the problem very completely. The 
principal practical result can be deduced 
as follows : 

If 

] 


a/4—3 


the dynamic stress will be expressed by : 
Sayin = Sstat (1 a5 Ez), 
: a being equal to 
ead ine 
2 V?astat 
This expression becomes by substituting 
numerical values : 


g = the acceleration due to gravity, 


981 cm. per second ; 

Z = 30 em., depth of girder ; 

eG 10° kgr. per cm? co-efficient 

of elasticity : 

V = 2800 em. per second-speed (100 gy 

; an hour); 

Ssiat Static working stress —600kgr. per 
em? ; 

tz 0. 14; 


with other values : 
h = 350 em. | 


a hour, 
= =0.01. 


| Zimmerman dednoed the following | prac 


| differential Sd E-e 9 


ie Pa 
aoe ‘,” 


5 | ordinate and tothe 
Li BS ig th 


a VV =1800 em. per second (65 km. an 


ae Cra is given by — 
aspen 


tical result from the apfeatation, Arve 


Ss ‘ +A 7 
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Professor Hort proposes to distinguish 
this effect from the centrifugal force by 
calling it the Zimmermann effect to which 
the co-efficient <z will apply. 24 


b) Vibrations of the main girder. 


We can reduce grosso modo all types of 
girders used to plain web girders. 

If J is the moment of inertia, f the sec- 
tion. E the modulus of elasticity, p the 
unit mass, and /the span, the vibrations of 
the girder when free and not under live 
load can be studied by means of the fol- 
lowing equation : 


* 
ofdx a 


dM 4y- 
fa ee a ee 
dx dx, 4 
The equation becomes * ee 
UF RA is d4y “a 
= Py @ ee ee 
Pi aga ea Sas 


The integral will give the equation of F 
the free vibration of the girder. If the 
girder is loaded with an uniformly distri- 
buted load p = f (x), the a forthe 
vibrations becomes : 

aie. Soa er ager ed 
ae Peano a a ie 


these vibrations are superimposed on ss. ot. 
curve of the static nap “a ag by eS 


» SSS 


ns 


= The frequency of the froe-vihed ti yn: ‘ 


er re we Cee. 


ead 


to the moving loads can be calculated by 
the following equation : 
d? dsy 

oa 4s oy peat 
dt? dx4 
of the same type as before, the second term 
being a function of the time. 


Ar SZ 
of X 


= git) 


The practical conclusion to be drawn 
from this analysis is that the elastic work 
at the dynamic state under uniformly dis- 
tributed live load is increased in the pro- 
portion 


1 
Sdyn = Sstat ee 
eA Vee Broo. Ts 
SS ys eas 27, 


in which T; is the period of vibration 
of the girder 

and Ty is the time required to cross the 
bridge. 


When the movement of an isolated load 
is in question 

. ; ‘ 1 8 

Sdyn = Gstat ieee = ae :} 

For a 35 m. (114 ft. 10 in.) span bridge 
with a frequency of vibration of n = 4.3 
per second, the speed of movement ofa 
locomotive being 65 km. (40.4 miles) an 
hour, 


z= 0.06 and Sdyn = Sstat ql + 0.048). 


The dynamic majoration of the elastic 
work is about 5 °/5. 


The dynamic majorations due to these 
causes which the author proposes to call] 
the Timoshenko effect can be expressed by 

] o2 
] 


Vee. 


Sree 
ae 


under uniformly distributed load, and 
1 8 2? 8 


= Sart one ere +—<z 


on ey — 2? 
under isolated load. 


In the case of a bridge of 100 m. (328 feet) 
span, the speed being 100 km. (62.1 miles) 
an hour — z = 0,36 (the frequency of 


vibration of a structure of this kind would 
be 1.4 Hertz — 1.4 vibrations per second). 

er, = 0.44, that is, 44% of the work 
under static conditions. 

The fact that the period of vibrations 
proper to the girder is modified by the 
supplementary mass of the moving load 
must also be taken into account. 

Taking the bridge as being fully loaded, 
the corresponding period would be T;. 
The live load will be sufficiently covered 
by introducing into the calculations the 


1 
5 (Ty + T;) instead of T . 


mean 


¢) Vibrations under the influence 
of the driving wheels. - 


The vertical component of the centri- 
fugal force due to the excess counterba- 
lance ean be represented by 


f cos wt in which w is the angular velo- 
city of the driving wheel, 
T 


Wee R being the radius of the wheel, 


72 


p= La <r, m being the mass of the 


counterbalance and r the distance of its 
centre of mass fromthe centre of the 
wheel. Taking the cranks as being set at 
90° apart on the horizontal centre plane of 


the engine, f would become fV 2 for one 


axle and jf \V 2 for a number j of coupled 
axles. 

The total vertical component of the cen- 
trifugal force would be finally : 


— v2 
F=jV2m Pacer wt = fj cos wt. 


In order to bring into the formule a 
factor taking into account the movement 
of the live loads across the structure, it 
would be necessary to multiply E by a 
Fourier series. the general expression for 
which would be 


Poe: 
Sin tir —- 
"Tf 
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F becomes finally 


t 
Kf = f; cos wt sin tt 7, 


Substituting 


2Ty F hid 


to 


2a : : : : 
—= Tr, period of rotation of the wheel, 
w 
T, 
Tr 
The equation due to Timoshenko resol- 
ves the problem in 


6 = 


es ae ee 3 \ 
ZU sin|— + w / 
je pai ¢ Vi ) > 
EJxé . Serer ee ars a. \ 
i=] { i4 
In the most important case, that of 
resonance, €¢ = 1, Tr = Ts, thestatic 
deflection stresses due to the force f; are 
251 


0 

multiplied by the co-efficient . 
For the 35 m. (114 ft. 10 in.) bridge 
quoted above z = 0.06, or an increase of 
from 1 to 13 times the static tension cor- 
responding to the load due to the counter- 


balance. 


If we consider that 
i = 10 to 12 fj, 
G being the total weight of the locomotive, 
this majoration would correspond to an 
increase of live load of 100 %%/. 
In actual fact, the vibrations are partly 


damped out, and the theoretical case of 
resonance rarely occurs. 


Furthermore, it must be observed that 


this increase applies to the locomotive 
alone, whereas the real live load is produc- 
ed as much by the wagons as by the loco- 
motive, 

If we call this effect — wheel effect or 
what would be better counterbalance ef fect 
-— the proportional majoration would be 


0.257 0.25% —s 
ie wae mca HT eee tity 


The particular effects that we have just 
examined are to some extent possible of 
mathematical definition. In addition to 
these effects, the recorded diagrams of 
stresses and deflections reveal others in 
the form of high frequency vibrations 
which are superimposed upon the general . 
deflections and which represent the effects 
of shocks. These shocks are caused by 
the irregular movement of the vehicles in 
motion, due to irregular running surfaces 
of the rails, to contributing defective tyre 
surfaces and to nosing movements along 
the track. 

An interesting point of comparison is to 
be found between these secondary vibra- 
tions and those produced in the ground 
by the movement of tramway vehicles. 

If we examine with care a diagram of 
the deflections, it is possible to recognise 
the super-imposition of the vibrations due 
to the various causes. 

In the particular case already quoted of 
a 35 m. (114 ft. 10 in.) bridge crossed over 
at 65 km. (40.4 miles) per hour, the expe- 
rimental determination of the different 
effects) gave the following results : 


Zimmermann effect. ... s;=—0.200 
Timoshenko effect . . . . er.—= 0.088 
Counterbalance effect . . <p, =0.112 
Shock. effects =. (eae er == O15 


that is, a total dynamic majoration : 
Ep = 0.55. 


The theoretical calculations carried out 
in accordance with the preceding bases 
had given: 


SS i 0.01 
tr, = 0.05 
Eg = 1.0 


fn all: foe er Oe 


The differences are marked. They can 
be explained in part ; for example e; has 
been calculated by supposing a plain web 
girder perfectly continuous In actual 
fact, the girder is a trellis girder, the 
lower plating of which may be far from 
being continuous in the neutral plane. 


Set 2A ee eee 


Laie 


ip 


VOR ag 2 
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The theoretical and practical values of 
er, Shew closer agreement, which is unders- 
standable seeing that the vibratory period 
of the bridge, as well as the time taken to 
cross it, can be ascertained with greater 
precision, 

The values for the counterbalance effect 
zx Shew more considerable differences : 
they are due to the fact that we first of 
all made the assumption of perfect reso- 
nance and the absence of all damping out 
of the vibrations. The theory of the 
question must be perfected by bringing 
this damping out of the vibrations into 
account. 

The search for concordance between the 
calculated and measured effects, and their 
individual calculation, is the problem to 
be solved at the present time. To con- 
vince oneself of this, all that is needed 
is to consider the nebulous results of the 
practical tests carried out on impact, from 
which so far no defined law has been 
ascertainable. 

Expression 
of the total dynamic co-efficient. 


If we refer to the preceding enquiry, the 
total dynamic co-efficient 


ep = £5 + Sr, + ER 


| 22 S 0.252 
aaa Og RE ag rh Ses EES 
-a—3 
4 
3 h V 
=- gH 2 == —— 
2 28" Ve Din 


This formula can be transposed so as to 
bring out the effect of the span J, the co- 
efficients being calculated numerically in 
accordance with the following. supposi- 
tions : 


5 1 
i 2 xO = ef with «= —- 
10 
o 
I 


E = 2.2 x 108 kgr. per cm’, g' = 981] cm. 


per second, 

fj being the maximum centrifugal force 
of the counterbalance weights and Ga the 
adhesive weight, 


I—11 


4G o.1 
Ga 
V = 2 200 em. per second, 
¢ = 1 000 kgr. per cm?. 


¢) 1S given finally by 
] 64 6.4 = 
ere +——=+0.01\ 1-01. 
ad. O1et ano e at » 


The value of ep calculated in relation to 
( shews an increase as / becomes greater. 
The reason is that we have taken the axles 
as being in perfect resonance. In these 
conditions, the more the bridge increases 
in length, the more marked this effect 
will be. 

ép also increases with the speed and uae 
degree of stress. 

When endeavouring to arrive at the 
value of the excess counterbalance effect 
in a way more nearly in conformity with 
actual conditions the weight of the coupled 
wheels can be taken as only representing 
a proportion Of the weight of the train, 
say 1/3 for example. 

ép then becomes, conserving the preced- 
ing numerical values : 

I 64 


2 enna es Soy 


= (0 O1\ 1 0d) 


If we add to this curve of ¢p the Saller 
curve, taking into account the shock effect 
properly speaking, we get a resulting 
curve coinciding in a striking manner with 
the impact curve adopted by the German 
State Railways for the case of a bridge 
with the track laid on sleepers carried 
directly on longitudinal girders. 

We reproduce below the curves in ques- 
tion (fig. 1). 


Vibrations of the bridges. 


If we first of all consider a plain web 

girder of height h, moment of inertia J, 
fending modulus W, permanent load p, 
live load q: 

sp working tensile stress in the booms 
under the permanent load, sy + g under per- 
manent load + live load : 


Fig. 4. 
Explanation — AA: Curve corresponding to the formula of the German State Railways. — BB : Theore- 
tical curve — Zimmermann and Timoshenko effects. — CC ; Saller’s curve. — DD: Curve resulting from BB and 


cc. 


the numbers np, Np +q giving the num- 
bers of vibrations per second are: 


n . [te = V/ EJ¢ 
means FP SSS Np@ = oa pt+4q 


25 
W = 


Pye 


sare 
tacit lie 


After investigating different kinds of 
girders, including trellis: work girders, 
and having assimilated them to plain web 
girders, Mr. Buhler has shewn that we can 

: 13 750 


Ai 


, 


express n by an average value = 


+ = 13750. — 


Jhe number n can be used to diagnose 
the organic condition of a structure. 


ee 
NE 


The factor = Veh is constantas regards 


E ; 
time, whereas a decreases as the time; 
c 


E will diminish according as the organic 
condition of the structure becomes more 
defective, through rusted parts, loose 
rivets, ete. x 
E 
¢ will vary inversely so that finally VE 
will diminish. 

In the course of time, the variations of 
n can become an index as to the organic 


condition of the construction. 
Principal conclusions. 


lt is-possible to determine theoretically 
the factors forming the dynamic majora- 
tion of the stresses at the middle of the 
girder. By adding to it the factor of irre- 
gular shock as proposed by Mr. H Saller, 
we obtain a total in practical agreement 
with the curve the German Railways use 


‘in the case of bridges with the track laid 


on sleepers resting directly on longitudinal 
girders 
In any theoretical investigations carried 
out in the future, the damping out of the 
vibrations must be taken into account, as 
must be the effect of the supports of the 
bridge on the vibrations. ; 
A. Ronssg, 
Chief Engineer, 


and R. Desprers, 


Engineer, Belgian National 
Railway Company. 


